PCT/AU05/000141 



Filed 2/3/2005 IDS Reference 1 



(U) INTERNATIONAL AIVLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property 
Organizatioa 
International Bureau 

(43) International Publication Date 
22 January 2004 (22.01.2004) 




PCT 



lilillliliiililiUiiiililliilllllli 

(10) International Publication Number 

wo 2004/006678 Al 



(51) International Patent Classification^: AOIN 47/40, 

C12N 5/08, 5/10, 15/63, C07H 21/02, 21/04, C12P 19/34 

(21) International Application Number: 

PCTAJS2003/022469 

(22) International FUlng Date: 17 July 2003 (17.07.2003) 

(25) Filing Language: English 

(26) Publication Language: English 
(30) Priority Data: 



10/198,447 



17 July 2002 (17.07.2002) US 



(71) Applicant (for ail designated States except US): IN- 
TRONN, INC. [US/US]; 910 Clopper Road, Suite 210. 
Gaithersbuig. MD 20878 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only)\ MITCHELL, 
Lloyd, G. [US/US]; 4519 Gretna Street, Bethesda, 
MD 20814 (US). PUTTARAJU, Madaiah [IN/US]; 
12115 Stardrift Drive, Germanlown, MD 20876 (US). 
DALLINGER, Gucntcr [AT/AT]; Am Winklgarten 27. 
4030 Linz (AT). KLAUSEGGER, Alfred [AT/ATj; 



Weizensteinerstr.l4, 5020 Salzurg (AT). BAUER, Johann 
[AT/ AT]; Reisenbergerstr. 18, 5023 Salzburg (AT). 

(74) Agents: SEIDE, RochcUc, K. el al.; Baker Botls. L.L.R, 
30 Rockefeller Plaza, New York. NY 101 12-4498 (US). 

(81) Designated States (national)-, AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR. BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE. DK, DM, DZ, EC. EE, ES, R, GB, GD, GE, GH. 
GM, HR, trU, ID, IL, IN, IS, JP, KE, KG, KP, KR. KZ, LC. 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX. MZ, NT, NO, NZ, OM, PG. PH, PL. PT. RO, RU, SC. 
SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ. UA. 
UG, US, UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional)'. ARIPO patent (Gil, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ. BY, KG, KZ, MD, RU, TJ. TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NI., PT, RO. 
SE. SI, SK, TR), OAPI patent (BF, BJ. CF, CG. CI, CM. 
GA, GN, GQ. GW, ML, MR, NE, SN. TD, TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes andAbbre\nations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: SPLICEOSOME MEDLVTED RNA TO4/V5-SPL1CING FOR CORRECTION OF SKIN DISORDERS 

1^ 

^ (57) Abstract: The present invention provides methods and compositions for generating novel nucleic acid molecules through tar- 
geted spliceosomal mediated RNA traps-splicing. The compositions of the invention include prs-traps-splicing molecules (PTMs) 
^ designed to interact with a target precursor messenger RNA molecule (target pre-mRNA) and mediate a traps-splicing reaction re- 
\^ suiting in the generation of a novel chimeric RNA molecule (chimeric RNA). In particular, the PTMs of the present invention can be 
\0 genetically engineered to interact with a specific taiget prcmRNA expressed in cells of the skin so as to result in correction of genetic 
O defects responsible for a variety of different skin disorders to encode a reporter molecule or protein that may have therapeutic value. 
^ The compositions of the invention further include recombinant vectors systems capable of expressing the PTMs of the invention 
^ and cells expressing said PTMs. The methods of the invention encompass contacting the PTMs of the invention with specific target 
pre-Mrna expressed within cells of the skin under conditions in which a portion of the PTM is traps-spliced to a portion of the target 
^? pre-mRNA lo form a chimeric RNA molecule wherein the genetic defect in the specific gene has been corrected. The present inven- 
lion is based on the successful /ranj-splicing of the collagen XVII pre-mRNA thereby establishing the usefulness of rranj-splicing 
Q for conrection of skin specific genetic defects. The methods and compositions of the present invention can be used in gene therapy 
^ for treatment of specific disorders of the skin, i.e., gcnodcrmatoses. such as epidermal fragility disorders, kcratinization disorders. 
^ hair disorders and pigmentation disorders as well as cancers of the skin. 
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SPLICEOSOME MEDIATED RNA TRANS-SFUCmG 
FOR CORRECTION OF SKIN DISORDERS 

SPECIFICATION 

RELATED APPUC ATION 
5 This application claims priority to United States Application No. 

10,198,447 filed on June 20, 2002, and is incorporated by reference. 

1. INTRODUCTION 
The present invention provides methods and compositions for 
generating novel nucleic acid molecules through targeted spliceosomal mediated RNA 

1 0 ^r<2n5-splicing. The compositions of the invention include pre-^ran^-splicing 
molecules (PTMs) designed to mteract with a target precursor messenger RNA 
molecule (target pre-mRNA) and mediate a /ra«5-splicing reaction resulting in the 
generation of a novel chimeric RNA molecule (chimeric RNA). Jn particular, the 
PTMs of the present invention are genetically engineered to interact with a specific 

1 5 target pre-mRNA expressed in cells of the skin so as to result in correction of genetic 
defects responsible for a variety of different skin disorders. The compositions of the 
invention fiirther include recombinant vectors systems capable of expressing the 
PTMs of the invention and cells expressing said PTMs. The methods of the invention 
encompass contacting the PTMs of the invention with specific target pre-mRNA 

20 e?q)ressed within cells of the skin under conditions in which a portion of the PTM is 
^anj-spliced to a portion of the target pre-mRNA to form a chimeric RNA molecule 
wherein the genetic defect in the specific gene has been corrected. The present 
invention is based on &e successfiil /ra/iiS-splicing of the collagen XVn pre-mRNA 
thereby establishing the usefiilness of ^an.9-splicing for correction of skin specific 

25 genetic defects. The methods and compositions of the present invention can be used 
in gene th^apy for treatment of specific disorders of the skin, i.e., genodermatoses, 
such as epidermal firagility disorders, keratini2ation disorders, hair disorders and 
pigmentation disorders as well as proliferative disorders of the skin such as cancer and 
psoriasis of the skin. 

■1- 
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2. BACKGROUND OF THE INVBNTION 
Significant progress has recently been made towards better 
understanding the genetic basis of heritable skin disorders. An understanding of the 
underlying mutations responsible for specific skin disorders has provided the basis for 
5 cutaneous gene therapy. Because of the easy accessibiUty of skin and the fact that 
skin cells, such as keratinocytes and dermal fibroblasts, can be easily grown in culture, 
the skin provides an ideal tissue for gene therapy. 

Epidermolysis bullosa (EB) is the term applied to a heterogeneous 
group of inherited skin disorders in which minor trauma leads to blistering of skin and 

10 mucous membranes. Depending on the level of tissue cleavage, EB can be divided 
into three main groiq)s: (i) EB simplex with blister formation occurring in the basal 
keratinocyte, (ii) junctional EB (JEB) with blister formation in the lamina lucida and 
(iii) EB dystrophicans with blister formation below the lamina densa. 

JEB patients are divided into two main groups, Herlitz JEB and 

1 5 generalized atrophic benign EB (GABEB). Patients diagnosed with the fomier 
disease usually die within their first year of life, whereas the latter diagnosis is 
associated with a better prognosis and a tendency for improvement during life. Initial 
observations describing reduced expression of bullous pemphigoid antigen 2 
(BPAG2), identified as type XVn collagen, in patients suffering firom GABEB were 

20 followed by the identification of mutations in the gene coding for BPAG2 (Coll7Al). 
To date, a number of differmt mutations in the Coll7Al have been identified leading 
to the establishment of a mutation database, which has facilitated the analysis of the 
effects of specific mutations on the clinical presentation of nH-JEB. For example, it 
has been determined that stop codon mutations or mutations leading to downstream 

25 stop codons on both alleles are associated with the original "GABEB" phenotype. 

In addition, EB simplex with late onset muscular dystrophy (EBS-MD) 
patients have been characterized with mutations in the plectin gene. Some of these 
patients feature compound heterozygosity for a three base-pair insertion at position 
1287 (1287ins3) leading to the insertion of leucine as well as missense mutation, 

30 Ql 5 1 8X causing the insertion of a stop codon in the plectin coding region (Bauer, JW 
et aL, 2001 Am J Pathol 158: 617-625). 
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In skin gene therapy, most efforts to date have attempted to deliver full 
length cDNA copies of the aJBFected gene using retroviral vectors. However, the 
delivery of full length cDNA in skin therapy is often limited by the size of the mRNA 
(or cDNA), for example, the plectin mRNA is 14.8 kb, the type VII collagen mRNA is 
5 9.2 kb and the type XVn collagen mRNA is 6.5 kb. The size of these genes, mutated 
in patients with various forms of EB, and their regulatory elements are beyond the 
capacity of delivery systems suitable for skin gene therapy using retroviral or adeno- 
associated viral vectors. Therefore, it would be advantageous to reduce the size of the 
tii^apeutic sequence that has to be delivesred. 

10 It is also critical that the genes implicated in cutaneous blistering 

disorders and targeted for gene therapy are only expressed by keratinocytes of a 
specific epidermal layer. For example, ectopic expression of such genes may lead to 
disordered epithelial polarity. One possible way to address the problem of 
keratmocyte specific expression is to use specific regulatory elements to direct 

1 5 transgene expression. However, the use of such promoters further increases the size 
of the insert in a ther^eutic vector. 

For the Coll7Al gene, alternative approaches to gene correction have 
been described. Notably, there are natural mechanisms by which mutations have been 
corrected in the CollTAl gene validating the concept of gene therapy. For example, 

20 Jonkman et aL, (1997, Cell 88:543-551) reported on a patient who had patches of 
normal appearing skin in a symmetrical leaf-like pattern on the upper extremities. 
The underlying mutations in the CollTAl gene had been identified as R1226X 
paternally, and 1706delA, maternally. In the clinical unafiFected areas of the skin 
about 50% of the basal cells were expressing type XVII collagen at a reduced level 

25 due to a mitotic gene conversion surrounding the maternal mutation, thus leading to 
loss of heterozygosity in this area. These observations suggest that expression of less 
than 50% of full length type XVn collagen is sufficient to correct the phenotypic 
expression of nH-JEB. In addition, a partly successful gene correction by the 
keratinocyte splicing machinery has been described in patients with the homozygous 

30 R785X mutation in the Coll 7A1 gene (Ruzzi L et al, 2001 J. Invest Dermatol 
116:182-187). In these patients, the exclusion of exon 33, harboring the mutation. 
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leads to an unusual mild phenotype, although there is only 3-4% of detectable type 
XVH collagen protein. Similar in frame skipping of exons has also been reported for 
patients with mutations in the Coll7Al and LAMB3 gene. 

Until recently, the practical application of targeted /ra/z^-splicing to 
5 modify specific target genes was limited to group I ribozyme-based mechanisms. 
Using the Tetrahymena group I libozyme, targeted fran^-splicing was demonstrated in 
E. colt (Sullenger B.A. and Cech. T.R., 1994, Nature 341:619-622) , in mouse 
fibroblasts (Jones, J.T. et aL, 1996, Nature Medicine 2:643-648), human fibroblasts 
(Phylactou, L.A. et aL, 1998 Nature Genetics 18:378-381) and human erytbraid 

10 precursors (Lan et aL^ 1998, Science 280:1593-1596). While many applications of 
targeted RNA trans-spMomg driven by modified group I ribozymes have been 
explored, targeted ^a/ur-splicing mediated by native mammalian splicing machinery, 
z.e., spliceosomes, is now being actively developed. 

Spliceosomal mediated trans-splicmg utilizes the endogenous cellular 

1 5 splicing machinery to repair inherited genetic defects at the RNA level by replacing 
mutant exon or exons. The use of such techniques has a number of advantages over 
the conventional gene therapy approaches. For example, the repaired product is 
always under endogenous regulation and correction will only occur in cells 
endogenously expressing the target pre-mRNA. In addition, genetic diseases can be 

20 corrected regardless of the mode of mheritance. Finally, the use of /ra/i-y-splicing 
reduces the size of the transgene into an expression vector. 

U.S. Patent Nos. 6,083,702, 6,013,487 and 6,280,978 describe the use 
of PTMs to mediate a /ra/w-splicing reaction by contacting a target precursor mRNA 
to generate novel chimeric KNAs. The present invention provides specific PTM 

25 molecules designed to correct specific defective genes expressed within cells of the 
skin and associated with skin disorders. The specific PTMs of the invention may be 
used to treat a variety of different skin disorders such as genodermatoses including but 
not limited to epidermal fragility disorders, keratinization disorders, hair disorders, 
pigmentation disorders and cancer disorders. 

30 
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3. SUMMARY OF THE INVENTTON 
The present invention relates to compositions and methods for 
generating novel nucleic acid molecules through spliceosome-mediated targeted trans- 
splicing. In particular, the compositions of the invention include pre-Zra/w-splicing 
5 molecules (hereinafter referred to as "PTMs") designed to mteract with a specific 
target pre-mRNA molecule expressed within cells of the skin (hereinafter referred to 
as "skin cell specific pre-mRNA") and mediate a spliceosomal ^ra/w-splicing reaction 
resulting in the generation of a novel chimeric RNA molecule (hereinafter referred to 
as "chimmc RNA"). Skin specific pre-mRNA molecules include, but are not limited 

10 to, those transcribed fi:om the collagen genes, ie., type Vn collagen, type XVII 

collagen (Coll7Al), laminin and plectin genes to name a few. The invention is based 
on the successfixl targeted /ra/i5-splicing of the endogenous Coll7Al pre-mRNA in 
keratinocytes of the skin, however, the methods and compositions of the invention 
may also be used to target defective genes in other types of skin cells, fibroblasts, 

1 S melanocytes, dermal p^illa cells, nerve cells and blood cells. 

The compositions of the invention include PTMs designed to interact 
with a skin specific target pre-mRNA molecule and mediate a spliceosomal trans- 
splicing reaction resulting in the generation of a novel chimeric RNA molecule. Such 
PTMs are designed to correct genetic defects in a skin specific gene. The general 

20 design, construction and genetic engineering of PTMs and demonstration of their 

ability to successfiilly mediate irows-splicing reactions within the cell are described in 
detail m U.S. Patent Nos. 6,083,702, 6,013,487 and 6,280,978 as well as patent Serial 
Nos. 09/756,095, 09/756,096, 09/756,097 and 09/941,492, the disclosures of which 
are incorporated by reference in their oitirety herein. 

25 The methods of the invention encompass contacting the PTMs of the 

invention with a skin cell specific target pre-mRNA under conditions in which a 
portion of the PTM is ^ran^-spliced to the target pre-mRNA to form a novel chimeric 
RNA. The methods of the invention comprise contactmg the PTMs of the invention 
within a cell expressing a skin cell specific target pre-mRNA under conditions in 

30 which the PTM is taken up by the cell and a portion of the PTM is trans-sphcQd to a 
portion of the target pre-mRNA to foim a novel chimeric RNA molecule that results 
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in correction of a skin cell specific genetic defect. Alternatively, nucleic acid 
molecules encoding PTMs maybe delivered into a target cell followed by expression 
of the nucleic acid molecule to form a PTM capable of mediating a ^ran^-splicing 
reaction. The PTMs of the invention are genetically engineered so that the novel 
5 chimeric RNA resulting fi-om the ^ra/i5-splicing reaction encodes a protein that 
complements a defective or inactive skin cell specific protein within the cell. The 
methods and compositions of the invention can be used in gene repair for the 
treatment of various skin disorders, such as epidermolysis bullosa. 

10 4. BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1. Schematic representation of different ^ra/z^-spliclng 
reactions, (a) trans-spacing reactions between the target 5' splice site and PTNTs 3* 
splice site, (b) trans-spliomg reactions between the target 3' splice site and PTM's 5' 
splice site and (c) replacement of an intemal exon by a double /r^z/w-splicing reaction 

1 5 in which the PTM carries both 3' and 5' splice sites. BD, binding domain; BP, branch 
point sequence; PPT, polypyrimidine tract; and ss, splice sites. 

Figure 2A-D. Schematic representation of Coll7Al model constructs. 
DetaUed structure of (Figure 2A) the COUTAl-lacZ target (lacZ-Tl) for the B-gal 
model-system and of (Figure 2B) the Coll7Al mini-gene target (T2). The relative 

20 position of primers lac9F, KI-3R and KI-5R are indicated. (Figure 2C) Schematic 
diagram of a PTM for the B-gal test-system. (1 ; 2; 3) Detailed structures and 
sequences of the PTMl, 3 and 5 binding domains, respectively. (Figure 2D) 
Schematic diagram of PTMs used in the Coll7Al mini-gene system (1 ; 2; 3). 
Detailed structures and sequences of the PTM2, 4 and 6 binding domains, 

25 respectively. Abbreviations: BP; branch point, PPT: polypyrimidine tract, ss: 5* and 
3* splices sites, BD: binding domain 

Figure 3A-C. The B-gal test-system shows accurate trans-sphcmg at 
the RNA level and restoration of B-gal protein function in 293T cells usmg Coll7Al 
intron 51 as a target. Figure 3 A. Demonstration of cis- and ^r^z«5-splicing in 293T 

30 cells using the 6-gal test-system. One representative experiment of 5 experiments is 
shown. 30 ng and 300 ng of total RNA were used for the detection of cis- (left panel) 
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or /ra/i^-splicing (right panel), respectively. Lane 1 : Transfection experiment with 
vector alone. Lane 2: Transfection of LacZ-Tl alone. Lanes 3, 4, 5: Transfection of 
PTMl, 3 and 5 alone. Lane 6, 7, 8: Co-transfection of 2 \xg LacZ-Tl and 2 \xg of 
either PTMl, 3 or 5. Lane M: 1 00 bp DNA size marker. Figure 3B. Upper panel: 
5 DNA sequence of cis-spliced lacZ-Tl target mRNA showing the correct splicing 
between the 5* and 3* exon and two in fiame stop codons (underlined). The splice 
junction is indicated by an arrow. Lower panel: DNA sequence of fr^wj-spliced 
mRNA showing the accurate trans-splicing and replacement of the stop codons. 
Figure 3C. Restoration of B-gal activity is increased with respect to the length of the 

10 binding domain, B-gal activity representing the average of four independent 

transfection experiments. Lysates from 293T cells transfected with 2\ig of LacZ-Tl, 
PTM3 and PTM5 alone, respectively or co-transfected with 2 jig target (LacZ-Tl) and 
2 \ig of PTM; LacZ-Tl + PTMl: 95.73 U/mg (+ SD 30 U/mg) protein; LacZ-Tl + 
PTM3: 117.52 U/mg (+SD 30 U/mg) protein. LacZ-Tl + PTM5: 328.94 U/mg (+ 

15 SD 50 U/mg) protein. (SD = standard deviation). 

Figure 4. EfiBcient and accurate trans-splicing between LacZ-Tl pre- 
mRNA and PTM5 RNA produces functional B-gal in epithelial 293T cells, in human 
keratinocytes and a GABEB cell-line in vitro. 293T cells (uppermost panel), human , 
primary keratinocytes (middle panel) and a GABEB cell-line (lowest panel) were 

20 transfected with pcDNA3.1 vector (control), or co-transfected with LacZ-Tl + PTM5. 
25% of transfected 293T cells showed restoration of B-gal expression; while fl-gal 
activity was restored in 5% of primary keratinocytes and the GABEB keratmocyte cell 
line. No B-gal activity was detected in the control cells. 

Figure 5A-B. Tran^-splicing between the T2 mini-gene pre-mRNA 

25 and pColl7-PTM's containing the cDNA sequence spanning exons 52 to 56 in 293T 
cells. Figure 5 A, Upper panel; Lanel: Mocktransfection with pcDNA3.1 vector. 
Transfection of either T2 or PTM2, PTM4 and PTM6 alone, showing correct cis- 
splicing of the target pre-mRNA in Lane 2 and the absence of cw-spUcing products for 
all PTM^s when transfected alone (lanes 3, 4 and 5), respectively. Lanes 6, 7 and 8 are 

30 showmg co-transfection experiments of T2 and PTM2, PTM4, and PTM6 producing a 
fragment of the predicted length (568 bp) Lane M; 100 bp DNA size marker. Lower 
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panel: Lanel: Mocktimisfectionexperiinent with pcDNAS.l vector. RT-PCR 
fragments of trans-spliced product (574 bp) can be obtained from RNA prepared from 
co-transfection experiments using T2 as a target and either PTM2, PTM4, or PTM6 
(Lanes 6, 7 and 8), respectively. Transfections of either T2 or PTM2, PTM4, and 
5 PTM6aloneshowednorrfln5-spUcing(Lanes2, 3, 4and5). LaneM: lOObpDNA 
size marker. Figure SB. Schematic drawing showing the binding sites of primers 
used for RT-PCR analysis of mini-gene cis- and fra/w-splicing. 

Figure 6A. Accurate ^an^-splicing restores fi-gal activity in human 
keratinocytes. Figure 6A-B. Primaiy kemtinocytes (T) B-gal activily in units/mg 

10 protein in human keratinocytes Lane 1: transfection of pcDNA3.1 vector alone. Lane 
2: LacZ-Tl alone. Lane 3: PTM5 alone. Lane 4: Co-transfection of LacZ-Tl and 
PTM5 revealing a B-gal activity of 190 U/mg protein (+ SD 50 U/mg). (H) RT-PCR 
analysis of total RNA prepared from the same experiment for cis-splicing (left panel) 
and /ranj-splicing (rigiht panel). Control transfections included vector alone (Lane 1); 

1 5 LacZ-Tl alone (Lane 2) and PTM5 alone (Lane 3). Lane 4 shows a RT-PCR product 
of 298 nt length as predicted for accurate /ra/w-splicing between the target and PTM5 ' 
(right picture). A 302 nt RT-PCR product is generated in Lane 2 (LacZ-Tl alone) and 
Lane 4 (LacZ-Tl + PTM5) showing c£s-splicing of the LacZ-Tl target (left picture). 
Figure 6B. Immortalized GABEB keratinocytes (I) B-gal activity in units/mg protein 

20 in the GABEB cell-line. Lane 1: Transfection of pcDNA3.1 vector alone. Lane 2: 
LacZ^Tl alone. Lane 3: PTM5 alone. Lane 4; Co-transfection of LacZ-Tl and 
PTM5 revealing B-gal activity of 295.6 U/mg protein (+ SD 60 U/mg). (S) RT-PCR 
analysis of total RNA prepared from the same experiment for cz-y-splicing (left panel) 
and /rawj-splicing (right panel). Control transfections mcluded vector alone (Lane 1); 

25 LacZ-Tl alone (Lane 2) and PTM5 alone (Lane 4). Lane 3 showing the RT-PCR 
product of 298 nt length as predicted for accurate ^ra/w-splicing of target and PTM5 
(right picture). RT-PCR for cr^-splicing of LacZ-Tl shows a 302 nt product in lanes 2 
(LacZ-Tl alone) and Lane 3 (LacZ-Tl + PTM5) (left picture). 

Figure 7. Detection strategy for endogenous trans-spUcing of the 

30 Coll7Al pre-mRNA in HaCatKC cells. Therapeutic molecule (PTM5) consists of 
Col7Al binding domain 51, spacer element, branch point (BP) and polypyrimidine 
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tract (PPT) followed by a functional part of IJ-galactosidase lacZ 3' exon cloned into 
pcDNA3.1(-). This construct was transfected into HaCat cells. Pre-mRNA resulted 
in correct endogenously trans-spMccd product of a genomic fragment spanning exon 
1-51 and LacZ 3* exon confirmed by semi-nested RT-PCR with primer 51-lF, lac6R 
5 and lac4R. 

Figure 8. Endogenous /ra/w-splicing of Coll7Al pre-mKNA with 
PTM5. Sequence of correct endogenously ^ran^-spliced product showing the splice 
junction between exon 51 with lacZ 3* exon (A) and confirmation by restriction 
digestion of 226bp RT-PCR product with Msel resulting in two fiagments of 168bp 
10 and58bp(B). 

Figure 9. Schematic of 5* /raTu-splicing LacZ repair model for 
hereditary diseases. 

Figure 10. Target LacZ-T3 containing intron 9 of the plectin gene and 
lacZ-T4 used for optimizing tranS'SpHcing and transfection conditions. 
15 Figure 1 1 . LacZ-PTM3 (intron 9 specific binding domain) and lacZ- 

PTM4 (non-specific binding domain) for establishing optimal trans-spUcmg 
conditions. 

Figure 12. PLEC-PTM-5 for the introduction of the 1287ins3 mutation 

in 293T cells. 

20 Figure 13. PLEC-PTM-6 for repair of the 1287ins3 mutation in plectin 

deficient patient cells. 

Figure MA-E.TVanj-splicing strategy for C0L17A1 Gene. 
Figure 14A. PTM6 consists of Coll7Al binding domain 51, spacer 
element, branch point (BP) and poly pyrimidine tract (PPT) followed by exon 52-56 
25 cloned into pcDNA3.1(-). This construct was transiently transfected into GABEB 
cells harboring the 4003 del TC mutatioa 

Figure 14B. Semi-nested RT-PCR with BPAG2 promer 51-lF, 53-lR 
and 52-lR. RNA was extracted from PTM6 transfected GABEB cells and semi- 
nested RT-PCR was performed with BPAG2-primer 51-lF, 53-lR and 52-lR. By 
30 sequencing the expected 323bp fragment heterozygosity of mutant and corrected 
alleles could be demonstrated. 
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Figure 14C. TOPO Cloning +Nla m digestion. For quantiJBcation of 
wildtype vs. mutant DNA in the 323bp fragment, it was cloned into a TOPO vector. 
100 clones were analysed by colony PGR and subsequent Nlalll digest, which detects 
the 4003 del TC mutation in the C0L17A1 gene. A given digest profile of 4 different 
S possibilities and fragment sizes is shown. 

Figure 14D. Sequencing of mutant and wildtype clones confirmed flie 
correct ^ra/2.s-splicing of PTM6 into GABEB cells. Sequencing of mutant and 
wildtype clones confirmed the correct /ra/w-splicing of PTM6 into GABEB cells. 

Figure 14B. Analysis of 100 clones revealed 48 clones with correct 
10 ^ra/ur-splicing and correction of the mutation 4003 del TC in the C0L17A1 gene. 

Figure 15. Immunofluorescence of transfectedPTM6 into GABEB 
cells with Lipofectamine Plus. 

Figure 16 depicts trans-splicing strategy for C0L7A1 gene (Dystrophic 
epidermolysis bullosa). Figure 16A, 3' trans-splicmg in a LacZ-model system to 
15 target intron 72 of the C0L7A1 gene. Figure 16 B. Schematic drawing of LAcZ- 
Targetl (Tl) containing COL7Al-Ihtron 72 cloned between LacZ 5* and stop-LacZ 3* 
in a pcDNA3.1 expression vector. LacZ-PTM consists of BD intron 72 cloned 5* of 
functional LacZ 3* in a pcDNA 3.1 expression vector. 

Figure 17. B-gal Assay of a cotransfection of C0L7 target Tl and 
20 PTM 8, 9, 10 in 293T cells wife Lipofectamin. 

Figure 18 B-gal staining of C0L7PTM transfected human HEK 293T 
^ cells, left panel:(a) target +PTM8, (c) target +PTM9, (e) target =PTM10; right 
panelrcorresponding control PTM without target. 

25 5. DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to conripositions comprising pre-^ran^- 
splicing molecules (PTMs) and the use of such molecules for generating novel nucleic 
acid molecules. The PTMs of the invention comprise (i) one or more target binding 
domains that are designed to specifically bind to a skin cell specific target pre-mRNA 

30 and (ii) a 3' splice region that includes a branch point and a 3' splice acceptor site 
and/or a 5' splice donor site. The 3' splice region may further comprise a 
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pol)pyriimdine tract. In addition, the PTMs of the invention can be engineered to 
contain any nucleotide sequences such as those encoding a translatable protein 
product and one or more spacer regions that separate the RNA splice site from the 
target binding domain. 
5 The methods of the invention encompass contacting the PTMs of the 

invention with a skin cell specific target pre-mRNA under conditions in which a 
portion of the PTM is trans-spUoed to a portion of the target pre-mRNA to form a 
novel chimeric RNA that results in correction of a skin cell specific genetic defect 
Such skin specific target pre-mRNA molecules include but are not limited to those 
10 encoding plectin, type XVH collagen, type Vn collagen and laminin, to name a few. 

5.1 STRUCTURE OF THE PRE-TTZ^iy-SPLICING MOLECULES 
The present invention provides compositions for use in generating 
novel chimeric nucleic acid molecules fiirough targeted ^a/t^-splicing. The PTMs of 

15 tiie invention comprise (i) one or more target binding domains that targets binding of 
the PTM to a skin cell specific target pre-mRNA and (ii) a 3' splice region that 
includes a branch point and a 3' splice acceptor site and/or 5' splice donor site. The 3' 
splice region may additionally contain a polypyrimidine tract. The PTMs may also 
contain (a) one or more spacer regions that separate the splice site &om the target 

20 binding domain, (b) naini-intron sequences, (c) ISAR (intronic splicing activator and 
repressor) consensus binding sites, and/or (d) ribozyme sequences. Additionally, the 
PTMs of the invention contain skin cell specific exon sequences designed to correct a 
skin cell specific genetic defect 

The present invention fiirther provides methods and compositions for 

25 real time imaging of gene expression m cells of the skin. The compositions of the 
invention include pre-^raw^'-splicing molecules designed to interact with a target 
precursor messenger RNA molecule expressed within a cell of the skin and mediate a 
tranS'Splicing reaction resulting in the generation of a novel chimeric RNA molecule 
designed to encode a reporter molecule. The PTMs of the invention are engineered to 

30 interact with target pre-mRNAs where the expression of the target pre-mRNA is 
correlated with a disease of the skin. Thus, the present invention provides methods 
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and compositions for the diagnosis and/or prognosis of skin disease in a subject. Such 
skin diseases include, but are not limited to disorders resulting &om aberrant gene 
expression, proliferative disorders such as cancers or psoriasis, or infectious diseases. 

A variety of different PTM molecules may be synthesized for use in the 
5 production of a novel chiineric SNA which complements a defective or inactive skin 
cell specijSc protein. The general design, construction and gmetic engineering of such 
PTMs and demonstration of their ability to mediate successful /raTw-splicing reactions 
within the cell are described in detail in U.S. Patent Nos. 6,083,702, 6,013,487 and 
6,280,978 as well as patent Serial Nos. 09/941,492, 09/756,095, 09/756,096 and 
10 09/756,097 the disclosures of vMch are incorporated by reference in their entirety 
herein. 

As used herein, skin cell is defined as any of the different cell types 
found within the epidermal, dennal and/or first layer of the skin. Such skin cell types 
include, for example, melanocytes, keratinocytes, fibroblasts, blood vessel cells, hair 

15 follicle cells, neuronal cells of the skin and cancer cells of the skin. 

The target binding domain of the PTM endows the PTM with a binding 
affinity. As used herein, a target binding domain is defined as any molecule, i.e., 
nucleotide, proteiu, chemical compound, etc., that confers specificity of binding and 
anchors the skin cell specific pre-mRNA target closely in space to the PTM so that the 

20 spliceosome processing machinery in flie nucleus can trans-splicQ a portion of the 

^ PTM to a portion of the skin cell specific target pre-mRNA. The target binding 

domain of the PTM may contain multiple binding domains which are complementary 
to and in anti-sense orientation to the targeted region of the selected pre-mRNA. The 
target binding domains may comprise up to several thousand nucleotides. In preferred 

25 embodiments of the invention the binding domains may comprise at least 10 to 30 and 
up to several hundred or more nucleotides. The specificity of the PTM may be 
iacreased significantly by increasing the length of the target binding domain. For 
example, the target binding domain may comprise several hundred nucleotides or 
more. In addition, although the target binding domain may be "linear" it is understood 

30 that the RNA may fold to form secondary structures that may stabilize the complex 
thereby increasing the efficiency of splicing. A second target binding region may be 
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placed at the 3' end of the molecule and can be incorporated into the PTM of the 
invention. Absolute complementarily, although preferred, is not required A 
sequence "complementary" to a portion of an RNA, as referred to herein, means a 
sequence having sufficient complementarity to be able to hybridize with the target 
5 pre-RNA, forming a stable duplex. The abiUty to hybridize will depend on both the 
degree of complementarity and the length of the nucleic acid (See, for example, 
Sambrook et aL, 1989, Molecular Cloning, A Laboratory Manual^ 2d Ed., Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, New York). Generally, the 
longer the hybridizing nucleic acid, the more base mismatches with an RNA it may 

10 contain and still form a stable duplex. One skilled in the art can ascertain a tolerable 
degree of mismatch, length or stmcture of the duplex by use of standard procedures to 
detemiine the stability of the hybridized complex. 

Binding may also be achieved through other mechanisms, for example, 
through triple helix formation, aptamer interactions, RNA lassos (see PCT application 

1 5 : PCT/US98/1 7268) antibody interactions or protein/nucleic acid interactions such as 
those in which the PTM is engineered to recognize a specific RNA binding protein, 
a protein bound to a specific target pre-mRNA. Alternatively, the PTMs of the 
invention may be designed to recognize secondary structures, such as for example, 
hairpin structures resulting fiom intramolecular base pairing between nucleotides 

20 within an RNA molecule. 

In a specific embodiment of the invention, the target binding domain is 
complementary and in anti-sense orientation to sequences in close proximity to the 
region of the keratinocyte specific target pre-mRNA targeted for /ran.y-splicing. In a 
specific embodiment of the invention, the target bmding domain is complementary 

25 and in antisense orientation to keratinocyte specific target pre-mRNAs nucleotide 
sequences, including but not limited to plectin, type VII collagen, type XVII coUagen 
(Coll7Al), and laminin. For a review of skin disorders and known genetic defects 
see Uitto et at,, (2000, Human Gene Therapy 1 1:2267-2275) the disclosure of which 
is incorporated by reference in its entirety herein. 

30 The PTM molecule may also contains a 3' splice region that includes a 

branch point sequence and a 3* spUce acceptor AG site and/or a 5' splice donor site. 
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The 3' splice region may further comprise a polypyrimidine tract. Consensus 
sequences for the 5' splice donor site and the 3' splice region used in RNA splicing are 
well known m the art (See, Moore, et al, 1993, The RNA World, Cold Spring Harbor 
Laboratory Press, p. 303-358). In addition, modified consensus sequences that 
5 maintain the ability to function as 5' donor splice sites and 3' splice regions may be 
used in the practice of the invention. Briefly, the 5* splice site consensus sequence is 
AG/GURAGU (where A=adenosine, U==uracil, G=guanine, C=cytosine, R=purine and 
/=4he splice site). The 3' splice site consists of three separate sequence elements: the 
branch point or branch site, a polypyrimidine tract and the 3* consensus sequence 

10 (YAG). The branch point consensus sequence in mammals is YNYURAC 

(Y=pyrimidine; N=any nucleotide). The underlined A is the site of branch formation. 
A polypyrimidine tract is located between the branch point and the splice site acceptor 
and is important for efficient branch point utilization and 3' splice site recognition. 
Other pre-messenger RNA introns beginning with the dinucleotide AU and endmg 

IS witii the dinucleotide AC have been identified and referred to as U12 mtrons. U12 
intron sequences as weU as any sequences that function as q)lice acceptor/donor 
sequences may also be used to generate the PTMs of the invention. 

A spacer region to separate the RNA splice site from the target binding 
domain may also be included in the PTM. The spacer region may be designed to 

20 include features such as stop codons which would block translation of an unspliced 
PTM and/or sequences that enhance /ra7i.?-splicing to the target pre-mRNA. 

In a preferred embodiment of the invention, a "safety*' is also 
incorporated into the spacer, binding domain, or elsewhere in the PTM to prevent 
non-specific ^ra^-splicing. This is a region of the PTM that covers elements of the 3* 

25 and/or 5' splice site of the PTM by relatively weak complementarity, preventing non- 
specific ^ran5-splicing. The PTM is designed in such a way that upon hybridization of 
the binding /targeting portion(s) of the PTM, the 3' and/or 5'splice site is uncovered 
and becomes fully active. 

The "safety" consists of one or more complementary stretches of cis- 

30 sequence (or could be a second, separate, strand of nucleic acid) which weakly binds 
to one or both sides of the PTM branch point, polypyrimidine tract, 3' splice site 
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and/or 5' spUce site (splicing elements), or could bind to parts of the spUcing elements 
themselves. This "safety" binding prevents the spUcing elements from being active 
(i.e. block U2 snRNP or other splicing factors from attaching to the PTM spUce site 
recognition elements). The binding of the "safety" maybe disrupted by the bindmg of 
5 the target binding region of the PIM to the target pre-mKNA, thus exposing and 
activating the PTM spUcing elements (making them available to /raw-splice into the 

target pre-mKNA). 

The PTMs of tfie invention may also contain skin cell specific exon 
sequences, wHch when frows-spUced to the skin ceU specific target pre-mRNA, will 
10 result in flie formation of a chimeric RNA enable of encoding a functional 

keratinocyte specific proton. The genomic structure of keratinocyte specific genes 
such as plectin (Uu CG et al, 1996, Proc Natl Acad Sci USA 93:4278-83). Coll7Al 
(Gatalica B et al., 1997 Am J Htm Genet 60:352-365), type VH collagen (Li, K et al., 
1993, Genomics 16:733-9), and laminin (PulkkinKi L et al., 1995 Genomics 25:192- 
15 8), to name a few, are known and incorporated herein in their entirety. The specific 
exon sequences to be included in the structure of the FIM will depend on the specific 
mutation targeted for correction. Such mutations in flie Coll7Al gaie include but are 
not limited to those presented in Table I. 

Table I 



Mutations leading to 
preterminal stop codons 








3781C-»G/41S0insG 


(McGrath et al, 1995 Nature Genetics 11:83-86); 






4003delTC/4003delTC 


QAQx^ihetal, 1996 J. Invest Dermatol 106:771-774); 


3514ins25/G627V 


(McGrath et al. 1996 Am 1 Pathol 148:1787-96); 


4003delTC/Q1403X 


(Darling et al,.\991 /. Invest Dermatol 108:463-8); 


4003delTC/G803X 


(Darling et aL 1997 J. Invest, Dermatol 108:463-8); 


2944del5/2944del5 


(Gatalica et al, 1991 Am. J. Hum Genet 60:352-65); 


2944del5/Q1023X 


(Gatalica et aL 1997 Am. J, Hum Genet 60:352-65); 


1706delA/R1226X 


(Jonkman et al, 1997 Cell 88:543-51); 


2342delG2342delG 


(Scheffer et al. 1997. Hum Genet 100:230-5); 


O1016X/Q1016X 


(Schumann effl/., \991,A3nJHum Genet 60:1344-53); 


R1226X/R1226X 


(Schumann et al, 1997, Am J Hum Genet 60:1344-53); 


520delAG/520delAG 


(Floethe/a/., \99Z J, Invest Dermatol 111:528-33); 


2965delG/2965delG 


(Floefli et al, 1998./. Invest Dermatol 111:528-33); 
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Mutations leading to 
preterminal stop codons 




G539E/2666delTT 


(Floeth et al, 1998, /. Invest Derniaiol 1 1 1 :528-33); 


G258X/G258X 


(Shimizu et al, 1998. J. Invest Dermatol 1 1 1:887-92); 






4003delTC/4003delTC partially 
4080insGG 


(Darling e/fl/., 1999,/. Clin Invest 103-1371-7); 


3781C->T (R1226X)/ne-18del389 


(Huber et aL, 2002, J. /fives/ Dermato/ 118:185-92); 


R795X/R795X 


(Ruzzi et al, 2001 J. Invest Dermatol 116:182-7) 






Acceptor splice-site mutations 




2441-2A-->G 


(Chavanas et al, 1997 1 Invest Dermatol 109:74-8); 


2441-1 G->T/? 


Parling et al, 19987. Invest Dermatol 110:165-9 


3053-1 G->C/3871+1 G-^C 


(PuUddneneTfli, 1999 J, Invest Dermatol 113:1114-8) 






Donor spUce-site mutation 




3053-1 G-^a3871+l G^C 


(PuUddnenc/a/., 1999 7. Invest Dermatol 113:1114-8) 


4261+1 G-^C/4261+1 G-^C 


(van Leusden et al, 2001 81 :887-94); 






Missense mutations 




R1303O/R1303O 


(Schumann et al 1997 60:1344-53); 


G633D/R145X 


(Tasanen et al, 2000 Invest Dermatol 115:207-12); 
and 






Digenic mutations 




L855X/R1226X plus R635X 
(LAMB3 gene) 


(Floeth et al, 1999 Am J, Hum Genet 65:1530-7). 



The PTM's of the invention maybe engineered to contain a single skin 
cell specific exon sequence, multiple skin cell specific exon sequences, or 
alternatively a complete set of skin cell specific exon sequences. The number and 
5 identity of the skin cell specific sequences to be used in the PTMs will depend on the 
targeted specific mutation, and the type of frans-splicing reaction, /.e,, 5' exon 
replacement, 3' exon replacement or intemal exon replacement that will occur (see 
Figure 1). In addition, to limit the size of the PTM, the molecule may include 
deletions in non-essential regions of skin cell specific target gene. The PTMs may also 
10 encode genes usefiil as markers or imaging reagents, therapeutic genes (toxins, 
prodrug activating enzymes) etc. 

The present invention further provides PTM molecules wherein the 
coding region of the PTM is engineered to contain mini-introns. The insertion of 
mini-introns into the coding sequence of the PTM is designed to increase definition of 
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the exon and enhance recognition of the PTM donor site. Mini-intron sequences to be 
inserted into the coding regions of the PTM include small naturally occurring introns 
or, alternatively, any intron sequences, including synthetic mini-introns, which include 
5' consensus donor sites and 3' consensiis sequences which include a branch point, a 3' 
5 splice site and in some instances a polypyrimidine tract. 

The mini-introns sequences are preferably between about 60-100 
nucleotides in length, however, mini-intron sequences of increased lengths may also 
be used. In a preferred embodiment of the invention, the mini-intron comprises the 5' 
and 3* end of an endogenous intron. In a preferred embodiments of the invention, the 

10 S' intron fiagment is about 20 nucleotides in length and the 3' end is about 40 
nucleotides in length. 

In a specific embodiment of the invention, an intron of 528 nucleotides 
comprising the following sequences may be utilized. Sequence of the intron construct 
is as follows: 

IS 5' fragment sequence: 

gtagttcttttgttcttcactattaagaacttaatttggtgtccatgtctctttttttttctagtttgta^^^ 

aggtatttttggagaaattcttacatgagcattaggagaatgtatgggtgtagtgtcttgtataatagaa^^ 

tactctagttttttatttcctcatattattttcagtggctttttcttccacatctttatattttgcaccacattcaacactgtag 
20 . 

3' fiagment sequence: 

caactatctgaatcatgtgccccttctctgtgaacctctatcataatacttgtcacactgtattgtaattgtct 
cttttactttcccttgtatcttttgtgcatagcagagtacctgaaacaggaagtattttaaatattttgaatc^^ 

25 tctttacaaataagaatatacacttctgcttaggatgataattggaggcaagtgaatcctgagcgtgatttgataatgacctaata 
atgatgggttttatttccag 

In yet another specific embodiment of the invention, consensus ISAR 
sequences are included in the PTMs of the invention (Jones et al, 2001 Nucleic Acid 
Research 29:3557-3565), Proteins bind to the ISAR splicing activator and repressor 
30 consensus sequence which includes a uridine-rich region that is required for 5' splice 
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site recognition by Ul SnKNP. The 18 nucleotide ISAR consensus sequence 
comprises the following sequence: GGGCUGAUUUUUCCAUGU. When inserted 
into the PTMs of the invention, the ISAR consensus sequences are inserted into the 
structure of the PTM in close proximity to the S* donor site of intron sequences. In an 
S embodiment of the invention, the ISAR sequences are inserted within 1 00 nucleotides 
from the S' donor site. In a preferred embodiment of the invention the ISAR 
sequences are inserted within 50 nucleotides from the 5' donor site. In a more 
preferred embodiment of the invention the ISAR sequences are inserted within 20 
nucleotides of the S' donor site. 

1 0 The compositions of the invention further comprise PTMs ttiat have 

been engineered to include cz5-acting ribozyme sequences. The inclusion of such 
sequences is designed to precisely dejSne the length of the PTM by removing any 
additional or run ofiFPTM transcription. The ribozyme sequences that may be inserted 
into the PTMs include any sequences that are enable of mediating a ci.;-acting (self- 

1 5 cleaving) RNA splicing reaction. Such ribozymes include but are not limited to 

Group I and Group n ribozymes including but not limited to hammerhead, hairpin and 
hepatitis delta virus ribozymes (see, Chow et al, 1994, J Biol Chem 269:25856-64). 

In an embodiment of the invention, splicing enhancers such as, for 
example, sequences referred to as exonic splicing enhancers may also be included in 

20 the structure of the PTMs. Transacting splicing factors, namely the serine/arginine- 
rich (SR) proteins, have been shown to interact with such exonic splicing enhancers 
and modulate splicing (See, Tacke etal., 1999, Curr. Opin, Cell Biol 11:358-362; 
Tian et aL, 2001, ^ Biological Chemistry 276:33833-33839; Fu, 1995, RNA 1:663- 
680). Nuclear localization signals may also be included in the PTM molecule 

25 (Dingwell and Laskey, 1986, Ann .Rev, Cell Biol, 2:367-390; Dingwell and Laskey, 
1991, Trends in Biochem. Sci, 16:478-481). Such nuclear localization signals can be 
used to enhance the transport of synthetic PTMs into the nucleus where trans-splicmg 
occurs. Li addition, out of reading frame AUG start codons, Kozak sequences or other 
translational start sites may be included to prevent or minimize PTM self expression. 

30 Additional features can be added to the PTM molecule either after, or 

before, the nucleotide sequence encoding a translatable protein, such as 
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polyadenylation signals or 5* splice sequences to enhance splicing, additional binding 
regions, "safet/'-self complementary regions, additional splice sites, or protective 
groups to modulate the stability of the molecule and prevent degradation. 

PTMs may also be generated that require a double-^ran^-splicing 
5 reaction for generation of a chimeric rranj-spliced product. Such PTMs could be used 
to replace an internal exon which could be used for skin cell specific gene repair. 
PTMs designed to promote two trans-spUcing reactions are engineered as described 
above, however, they contain both 5* donor sites and 3* splice acceptor sites. In 
addition, the PTMs may comprise two or more binding domains and splicer regions. 

10 The splicer regions may be placed between the multiple binding domains and two 
splice sites or altematively between the multiple bmding domains. 

A novel lacZ based assay has been developed for identifying optimal 
PTM sequences for mediating a desired ^on^^-splicing reaction. The assay permits 
v^ rapid and easy testing of many PTMs for their ability to ^a^ii^-splice. A LacZ 

IS keratinocyte specific chimeric target is presented in Figure 2 A. This target consists of 
the coding region for LacZ (minus 120 nucleotide firom the central coding region), 
split into a 5* "exon** and a 3* **exon'*. Separating these exons is a genomic fiiagment of 
the human CoUTAl gene including intron 51. All donor and acceptor sites in this 
target are fimctional but a cz>-spliced target, which generates a LacZ-keratinocyte 

20 specific chimeric mRNA, is non-fimctional. TVawj-splicing between the PTM and 
target will generate a full length functional LacZ mRNA. 

Each new PTM to be tested is transiently co-transfected with the 
LacZ-keratinocyte specific target using Lipofectamine reagents and then assayed for 
6-galactosidase activity after 48 hours. Total RNA samples may also be prepared and 

25 assessed by RT-PCR using target and PTM specific primers for the presence of 
correctly spUced repaired products and the level of repaired product. Each trans- 
splicing domain is engineered with several unique restriction sites, so that when an 
efficiently spliced sequence is identified based on the analysis of B-gal activity and 
RT-PCR data, part of or the complete trans-splicmg domain, can be readily sub- 

30 cloned into a skin cell specific PTM. 
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When specific PTMs are to be synthesized in vitro (synthetic PTMs), 
such PTMs can be modified at the base moiety, sugar moiety, or phosphate backbone, 
for example, to improve stability of the molecule, hybridization to the target specific 
mKNA, transport into the cell, etc. For example, modification of a PTM to reduce the 
5 overall charge can enhance the cellular uptake of the molecule. In addition 
modifications can be made to reduce susceptibility to nuclease or chemical 
degradation. The nucleic acid molecules may be synthesized in such a way as to be 
conjugated to another molecule such as a peptides (e.g., for targeting host cell 
receptors in vivo), or an agent fecilitating transport across the cell membrane (see, e.g., 

10 Letsinger et al, 1989, Proa Natl Acad. ScL USA 86:6553-6556; Lemaitre et al, 
1987, Proc. Natl Acad. Sci 84:648-652; PCT PubUcation No. W088/09810, 
published December 15, 1988) or the blood-brain barrier (see, e.g,, PCT Publication 
No. W089/10134, published April 25, 1988), hybridization-triggered cleavage agents 
(see, eg., Kiol et a/., 1988, BioTechniques 6:958-976) or mtercalatmg agents (see, 

15 ag., Zon, 1988, Pharm, Res. 5:539-549). To this end, the nucleic acid molecules may 
be conjugated to another molecule, a peptide, hybridization triggered cross- 
linking agent, transport agent, hybridization-triggered cleavage agent, etc. 

Various other well-known modifications to the nucleic acid molecules 
can be introduced as a means of increasing intracellular stability and half-life. 

20 Possible modifications include, but are not limited to, the addition of flanking 

sequences of deoxyribonucleotides, peptide nucleic acids and ribonucleotides to the 5' 
and/or 3' ends of the molecule. In some circumstances where increased stability is 
desired, nucleic acids having modified intemucleoside linkages such as 2-0- 
methylation may be preferred. Nucleic acids containing modified intemucleoside 

25 linkages may be synthesized usmg reagents and methods that are well known in the art 
(see, Uhhnann et al, 1990, Chem. Rev. 90:543-584; Schneider et al, 1990, 
Tetrahedron Lett. 31:335 and references cited therem). 

The synthetic PTMs of the present invention are preferably modified in 
such a way as to increase their stability in the cells. Since RNA molecules are 

30 sensitive to cleavage by cellular ribonucleases, it may be preferable to use as the 
competitive inhibitor a chemically modified oligonucleotide (or combination of 
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oligonucleotides) that mimics the action of the RNA binding sequence but is less 
sensitive to nuclease cleavage. In addition, the synthetic PTMs can be produced as 
nuclease resistant circular molecules with enhanced stability to prevent degradation by 
nucleases (Puttaraju a/., \995^ Nucleic Acids Symposium Series No. 33:49-51; 
5 Puttaraju et aL, 1993, Nucleic Acid Research 21 :4253-4258). Other modifications 
may also be required, for example to enhance binding, to enhance cellular uptake, to 
improve pharmacology or pharmacokinetics or to improve other pharmaceutically 
desirable characteristics. 

Modifications, which may be made to the structure of the synthetic 

10 PTMs include but are not limited to backbone modifications such as use of: 

(i) phosphorothioates (X or Y or W or Z=S or any combination of two 
or more with the remainder as O), e.g., Y=S (Stein, C. A., et al, 1988, Nucleic Acids 
Res., 16:3209-3221), X=S (Cosstick, R., et al, 1989, Tetrahedron Letters, 30, 4693- 
4696), Y and Z=S (Brill, W. K.-D., etal, 1989, 1 Amer. Chem, Soc, 111:2321- 

15 2322); (ii) methylphosphonates (e.g., Z=methyl (Millo:, P. S., et al, 1980, J, Biol • 
Chem,y 255:9659-9665); (iii) phosphoramidates (Z=N-(alkyl)2 eg., alkyl methyl, 
ethyl, butyl) (Z=Tnorpholine or piperazine) (Agrawal, S., et al, 1988, Proc. Natl 
Acad Set USA 85:7079-7083) (X or W=NH) (Mag, M,, et al, 1988, Nucleic Acids 
Res,, 16:3525-3543); (iv) phosphotriesters (Z=0-alkyl e,g., methyl, ethyl, etc) (Miller, 

20 P. S., et al , 1 982, Biochemistry, 21 :5468-5474); and (v) phosphorus-firee linkages 
(e.g., carbamate, acetamidate, acetate) (Gait, M. J., et al, 1974, J, Chem, Soc, Perkin 
1, 1684-1686; Gait,M. J., etal, 1979, J. Chem. Soc. Perkin I, 1389-1394). 

la addition, sugar modifications may be incorporated into the PTMs of 
the invention. Such modifications include the use of: (i) 2'-ribonucleosides (R=H); 

25 (ii) 2'-0-methylated nucleosides (R=OMe) ) (Sproat, B. S., et al, 1989, Nucleic Acids 
Res., 17:3373-3386); and (iii) 2'-fluoro-2'-riboxynucleosides (R=F) (Kmg, A., et al, 
I9i9, Nucleosides and Nucleotides, 8:1473-1483). 

Further, base modifications that may be made to the PTMs, including 
but not limited to use of: (i) pyrimidine derivatives substituted in the 5-position (e.g., 

30 methyl, bromo, fluoro etc) or replacing a carbonyl group by an amino group (Piccirilli, 
J. A., et al, 1990, Nature, 343:33-37); (ii) purine derivatives lacking specific nitrogen 
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atoms (e.^,, 7-deaza adenine, hypoxanthine) or ftmctionalized in the 8-position (e.g., 
8-azido adenine, 8-bromo adenine) (for a review see Jones, A. S., 1979, Int, J. Biolog, 
Macromolecules, 1 : 194-207). 

In addition, the PTMs may be covalently linked to reactive functional 
5 groups, such as.* (i) psoralens (Miller, P. S., et aly 1988, Nucleic Acids Res., Special 
Pub. No. 20, 1 13-1 14), phenanfhrolines (Sun, J-S., et aL, 1988, Biochemistry, 
27:6039-6045), mustards (Vlassov, V. V., et al, 1988, Gene, 72:313-322) 
(irreversible cross-linking agents with or without the need for co-reagents); (ii) 
acridine (intercalating agents) (Helme, C, et al, 1985, Biochimie, 67:777-783); (iii) 

10 thiol derivatives ( reversible disulphide formation with proteins) (Connolly, B. A., and 
Newman, P. C, 1989, Nucleic Acids Res., 17:4957-4974); (iv) aldehydes (SchifPs 
base formation); (v) azido, bromo groups (UV cross-linking); or (vi) ellipticines ' 
(photolytic cioss-linking) (Perrouault, L, et al, 1990, Nature, 344:358-360). 

In an embodiment of the invention, oligonucleotide mimetics in which 

15 the sugar and intemucleoside linkage, te., the backbone of the nucleotide units, are 
replaced with novel groups can be used. For example, one such oligonucleotide 
mimetic which has been shown to bind with a higher aflSnity to DNA and RNA than 
natural oligonucleotides is referred to as a peptide nucleic acid (PNA) (for review see, 
UWmann, B. 1998, Biol. Chem. 379:1045-52). Thus, PNA may be incorporated into 

20 synthetic PTMs to increase their stability and/or binding afGnity for the target pre- 
mRNA. 

In another embodiment of the invention synthetic PTMs may 
covalently linked to lipophilic groups or other reagents capable of improving uptake 
by cells. For example, the PTM molecules may be covalently linked to: (i) cholesterol 

25 (Letsinger, R. L., et al, 1989, Proc. Natl Acad Set USA, 86:6553-6556); (ii) 
polyamines (Lemaitre, M., et al, 1987, Proc. Natl Acad, ScU USA, 84:648-652); 
other soluble polymers {e.g., polyethylene glycol) to improve the efficiently with 
which the PTMs are delivered to a cell. In addition, combinations of the above 
identified modifications may be utilized to increase the stability and delivery of PTMs 

30 into the target cell. 
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The PTMs of the invention can be used in methods designed to 
produce a novel chimeric RNA in a target cell so as to result in correction of skin cell 
specific genetic defects. The methods of the present invention comprise delivering to 
a skm cell a PTM which may be in any form used by one skilled in the art, for 
5 example, an RNA molecule, or a DNA vector which is transcribed into a RNA 
molecule, wherein said PTM binds to a skin cell specific pre-mRNA and mediates a 
/ran^-splicing reaction resulting in fomiation of a chimeric RNA comprising a portion 
of the PTM molecule spliced to a portion of the pre-mRNA. 

10 5.2 SYNTHESIS OF THE TRANS-SPUCDiG MOLECULES 

The nucleic acid molecules of the invention can be RNA or DNA or 
derivatives or modified versions thereof, single-stranded or double-stranded. By 
nucleic acid is meant a PTM molecule or a nucleic acid molecule encoding a PTM 
molecule, whether composed of deoxyribonucleotides or ribonucleosides, and whether 

15 composed of phosphodiester linkages or modified linkages. The temi nucleic acid 
also specifically includes nucleic acids composed of bases other than the five 
biologically occurring bases (adenine, guanine, thymine, cytosine and uracil). In 
addition, the PTMs of the invention may comprise, DNA/RNA, RNA/protein or 
DNA/RNA/protein chimeric molecules that are designed to enhance the stability of 

20 the PTMs. 

The PTMs of the invention can be prepared by any method known in 
the art for the synthesis of nucleic acid molecules. For example, the nucleic acids may 
be chemically synthesized using commercially available reagents and synthesizers by 
methods that are well known in the art (see, e.g.. Gait, 1985, Oligonucleotide 

25 Synthesis: A Practical Approach, IRL Press, Oxford, England). 

Alternatively, synthetic PTMs can be generated by in vitro 
transcription of DNA sequences encoding the PTM of interest. Such DNA sequences 
can be incorporated into a wide variety of vectors downstream from suitable RNA 
polymerase promoters such as the T7, SP6, or T3 polymerase promoters. Consensus 

30 RNA polymerase promoter sequences include the following: 
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T7: TAATACGACTCACTATAGG GAGA 
SP6: ATTTAGGTGACACTATAGAA GNG 
T3: AATTAACCCTCACTAAAGGG AGA. 
The base in bold is the first base incorporated into RNA during 
S transcription. The underline indicates the mininaimi sequence required for efficient 
transcription. 

RNAs may be produced in high yield via in vitro transcription using 
plasmids such as SPS65 and Bluescript (Promega Corporation, Madison, WI). In ' 
addition, RNA ampUfication methods such as Q-fl amplification can be utilized to 
1 0 produce the PTM of interest. 

The PTMs may be purified by any suitable means, as are well known in 
the art. For example, the PTMs can be purified by gel filtration, affinity or antibody 
interactions, reverse phase chromatography or gel electrophoresis. Of course, the 

skilled artisan will recognize that the method of purification will depend in part on the ' 
1 S size, charge and shape of the nucleic acid to be purified. 1 
The PTM*s of the mvention, whether synthesized chemically, in vitro, 
or in vivo, can be synthesized in the presence of modified or substituted nucleotides to 
increase stability, uptake or binding of fbe PTM to a target pre-mRNA. In addition, 
following synfiiesis of the PTM, the PTMs may be modified with peptides, ch^cal 
20 agents, antibodies, or nucleic acid molecules, for example, to enhance the physical 
properties of the PTM molecules. Such modifications are well known to those of skill 
in the art 

In instances where a nucleic acid molecule encoding a PTM is utilized, 
cloning techniques known in the art maybe used for cloning of the nucleic acid 
25 molecule into an expression vector. Methods commonly known in the art of 
recombinant DNA technology which can be used are described in Ausubel et al 
(eds.), 1993, Current Protocols m Molecular Biology, John Wiley & Sons, NY; and 
Kriegler, 1990, Gene Transfer and Expression, A Laboratory Manual, Stockton Press, 
NY. 
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The DNA encoding the PTM of interest may be recombinantly 
engineered into a variety of host vector systems that also provide for replication of the 
DNA in large scale and contain the necessary elements for directing the transcription 
of the PTM. The use of such a construct to transfect target cells in the patient will 
5 result in the transcription of sufficient amounts of PTMs that will form 

complementary base pairs with the endogenously expressed cell specific pre-mRNA 
targets and thereby facilitate a /ran^-splicing reaction between the complexed nucleic 
acid molecules. For exanq)le, a vector can be introduced in vivo such that it is taken 
up by a cell and directs the transcription of the PTM molecule. Such a vector can 

1 0 remain episomal or become chromosomally integrated^ as long as it can be transcribed 
to produce the desired RNA, i.e., PTM. Such vectors can fee constructed by 
recombinant DNA technology methods standard in the art. 

Vectors encoding the PTM of interest can be plasmid, viral^ or others 
known in the art, used for replication and expression in mammalian cells. Expression 

IS of the sequence encoding the PTM can be regulated by any promoter/enhancer 
sequences Imown in the art to act in mammalian, prefers^ly human cells. Such ^ 
promoters/enhancers can be inducible or constitutive. Such promoters include but are 
not timited to: the SV40 early promoter region (Benoist, C. and Chambon, P. 1981, 
Nature 290:304-310), the promoter contained in the 3' long terminal repeat of Rous 

20 sarcoma virus (Y amamoto et al., 1980, Cell 22:787-797), the herpes thymidine kinase 
promoter (Wagner et aL, 1981, Proc. Natl Acad. Set USA, 78:1441-1445), the 
regulatory sequences of the metallothionem gene (Brinster et a/., 1982, Nature 
296:39-42), the viral CMV promoter, the human B-chorionic gonadotropin-6 promoter 
(HoUenberg et al., 1994,M?/, Cell Endocrinology 106:111-119), etc. Inapreferred 

25 embodiment of the invention, keratinocyte specific promoter/enhancer sequences may 
be used to promote the synthesis of PTMs in keratinocytes. Such promoters include, 
for example, the keratin 14 promoter which targets gene expression to the basal layer 
of the epidermis (Wang X et al, 1997, Proc Natl Acad Set 94:219-26), the loricrin 
promoter (Disepio et al, 1995, 1 Biol Chem 270:10792-9) which targets expression 

30 to the upper layers of the epidermis and the involucrin promoter transcriptional 
response element (PhiUips et al, 2000, Biochem. J, 348:45-53). 
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Vectors for use in the practice of the invention include any eukaryotic 
expression vectors, including but not limited to viral expression vectors such as those 
derived fix)m the class of retroviruses, adenoviruses or adeno-associated viruses. 

5 5.3 USES AND ADMINISTRATION OF TRANS-SPUCmG MOLECULES 

The compositions and methods of the present invention can be utilized 
to correct skin cell specific genetic defects. Specifically, targeted fraw^-splicing, 
including double-Zra/w-splicing reactions, 3' exon replacement and/or 5* exon 
replacement can be used to repair or correct skin cell specific transcripts that are either 

10 truncated or contain mutations. The PTMs of flie invention are designed to interact 
with spiceosomes to cleave a targeted transcript upstream or downstream of a specific 
mutation or upstream of a premature 3' stop termination and correct the mutant 
transcript via a /ra/w-splicing reaction which replaces the portion of the transcript 
containing the mutation with a functional sequence. PTMs may also be utilized to 

1 5 rewrite the coding sequence of virtually any gene which undergoes spliceosome 
processing, to insert any desired gene sequence uito the target mRNA. 

Various delivery systems are known and can be used to transfer the 
compositions of the invention into cells, encapsulation in liposomes, 
microparticles, nucrocapsules, recombinant cells capable of expressing &e 

20 composition, receptor-mediated endocytosis (see, e.g., Wu and Wu, 1987, J. Biol. 
Chem. 262:4429-4432), construction of a nucleic acid as part of a retroviral, 
adenoviral, adeno-associated viral or other vector, mjection of DNA, electroporation, 
calcium phosphate mediated transfection, etc. 

The compositions and methods can be used to provide sequences 

25 encoding a functional biologically active skin cell specific molecule to cells of an 
individual with an inherited genetic disorder or other type of skin disorder where 
expression of the missing or mutant gene product produces a normal phenotype. In 
addition, the compositions and methods of the invention can be used to inhibit the 
proliferation of cells of the skin in an individual with cancer of the skin or psoriasis, 

30 for example. In such instances the PTMs may be designed to interact with target pre- 



-26- 



wo 2004/006678 



PCT/US2003/022469 



mKNAs that encode regulators of skin cell proliferation and inhibit the expression of 
such regulators, and encodes a reporter molecule. 

Ih a preferred embodiment, nucleic acids comprising a sequence 
encoding a PTM are administered to promote PTM function, by way of gene delivery 
5 and expression into a host cell. In this embodiment of the invention, the nucleic acid 
mediates an effect by promoting PTM production. Any of the methods for gene 
deUvery into a host cell available in the art can be used according to the present 
invention. For general reviews of the methods of gene delivery see Strauss, M. and 
Banranger, J. A., 1997, Concepts in Gene Therapy, by Walter de Gruyter & Co., 
10 Berlin; Goldspiel et al^, 1993, Clinical Pharmacy 12:488-505; Wu and Wu, 1991, 
Biotherapy 3:S7'95; Tolstoshev, 1993, Ann. Rev, Pharmacol Toxicol 33:573-596; 
Mulligan, 1993, Science 260:926-932; and Morgan and Anderson, 1993, Ann. Rev. 
Biochem. 62:191-217; 1993, TIBTECH 11 (5): 155-2 15. Exemplary methods are 
described below, 

1 5 Delivery of the PTM into a host cell may be either direct, in which case 

the host is directly exposed to the PTM or PTM encoding nucleic acid molecule, or 
indirect, in which case, host cells are first transformed with the PTM or PTM 
encodmg nucleic acid molecule in vitro, then transplanted into the host These two 
approaches are known, respectively, as in vivo or ex vivo gene delivery, 

20 Li a specific embodiment, the nucleic acid is directly administered in 

vivo, where it is expressed to produce the PTM, This can be accomplished by any of 
numerous methods known in the art, e,g., by constructiag it as part of an appropriate 
nucleic acid expression vector and administering it so that it becomes intracellular, 
eg., by infection using a defective or attenuated retroviral or other viral vector (see 

25 U.S. Patent No. 4,980,286), or by direct injection of naked DNA, or by use of 
microparticle bombardment {e.g., a gene gun; Biolistic, Dupont), or coating with 
lipids or cell-surface receptors or transfecting agents, encapsulation in liposomes, 
microparticles, or microcapsules, or by administering it in linkage to a peptide which 
is known to enter the nucleus, by administering it in linkage to a ligand subject to 

30 receptor-mediated endocytosis (see e.g., Wu and Wu, 1987, J. Biol Chem. 262:4429- 
4432). 
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In a specific embodiment, a viral vector tbat contains the PTM can be 
used. For example, a retroviral vector can be utilized that has been modified to delete 
retroviral sequences that are not necessary for packaging of the viral genome and 
integration into host cell DNA (see Miller et al, 1993, Meth, Enzymol 217:581-599). 
5 Alternatively, adenoviral or adeno-associated viral vectors can be used for gene 
delivery to cells or tissues. (See, Kozarsky and Wilson, 1993, Current Opinion in 
Genetics and Development 3:499-503 for a review of adenovirus-based gene 
delivery). ^ 

In a preferred embodiment of the invention an adeno-associated viral 
10 vector maybe used to deliver nucleic acid molecules capable of encoding the PTM. 
The vector is designed so that, depending on the level of expression desired, the 
promoter and/or enhancer element of choice may be inserted into the vector. 

Another ^proach to gene delivery into a cell involves transferring a 
gene to cells in tissue culture by such methods as electroporation, lipofection, calcium 
1 5 phosphate mediated transfection, or viral infection. Usually, the method of transfer 
includes the transfer of a selectable marker to the cells. The cells are then placed 
under selection to isolate those cells that have taken iq) and are expressing the 
transferred gene. The resulting recombinant cells can be delivered to a host by various 
mefliods known in the art In a preferred embodiment, the cell used for gene delivery 
20 is autologous to the host cell. 

In a specific embodiment of the invention, skin cells, such as 
keratinocytes, may be removed fi:om a subject having a skin disorder and transfected 
with a nucleic acid molecule capable of encoding a PTM designed to correct a skin 
cell specific disorder such as a genetic disorder Cells may be fi:irther selected, using 
25 routine methods known to those of skill in the art, for integration of the nucleic acid 
molecule into the genome thereby providing a stable cell line expressing the PTM of 
interest. Such cells are then transplanted into the subject thereby providing a source 
of skin cell specific protein. 

The present invention also provides for pharmaceutical compositions 
30 comprising an effective amount of a PTM or a nucleic acid encoding a PTM, and a 
phannaceutically acceptable carrier. In a specific embodiment, the term 
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"phaimaceutically acceptable" means approved by a regulatory agency of the Federal 
or a state government or listed in the U.S. Pharmacopeia or other generally recognized 
pharmacopeia for use in animals, and more particularly in humans. The term "carrier" 
refers to a diluent, adjuvant, excipient, or vehicle with which the therapeutic is 
5 administered. Examples of suitable pharmaceutical carders are described in 
"Remington's Pharmaceutical sciences" by E. W, Martin. 

In specific embodiments, pharmaceutical compositions are 
administered in diseases or disorders involving an absence or decreased (relative to 
normal or desned) level of an endogenous skin cell specific protein or function, for 

10 example, in hosts where the skin cell specific protem is lacking, genetically defective, 
biologically inactive or underactive, or under expressed. Such disorders include but 
are not limited to epidermal firagility disorders, keratinization disorders, hair disorders, 
pigmentation disorders, prophyrias, pre-cancerous and cancer disorders. In addition, 
pharmaceutical compositions maybe administered in proUferative disorders of the 

IS skin, such as cancers and psoriasis, where the goal is to inhibit the proliferation of 
such cells. The activity of the skm cell specific protein encoded for by the chimeric 
mKNA resulting torn the PTM mediated *ra/w-spUcing reaction can be readily 
detected, e,g., by obtaining a host tissue sample (e.g., fix)m biopsy tissue) and assaying 
it in vitro for mRNA or protein levels, structure and/or activity of the expressed 

20 chimeric mKNA. Many methods standard in the art can be thus employed, including 
but not limited to immunoassays to detect and/or visualize the protein encoded for by 
the chimeric mKNA (e,g., Western blot, immunoprecipitation followed by sodium 
dodecyl sulfate polyacrylamide gel electrophoresis, immunocytochemistry, etc.) 
and/or hybridization assays to detect formation of chimeric mKNA expression by 

25 detecting and/or visualizing the presence of chimeric mKNA , Northem assays, 
dot blots, in situ hybridization, and reverse-transcription PGR, etc.), etc. 

In a specific embodiment, it maybe desirable to administra: the 
pharmaceutical compositions of the invention locally to the area in need of treatment, 
/. e., skin. This may be achieved by, for example, and not by way of limitation, topical 

30 application, e.g, , in conjimction with a wound dressing after surgery, by injection, or 
by means of an implant, said implant being of a porous, non-porous, or gelatinous 
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material, including membranes, such as sialastic membranes, or fibers. Other control 
release drug delivery systems, such as nanoparticles, matrices such as controUed- 
release polymers, hydrogels. 

The PTM will be admimstered in amounts which are effective to 
5 produce the desired effect in the targeted cell. Effective dosages of the PTMs can be 
determined througji procedures well known to those in the art which address such 
parameters as biological half-life, bioavailability and toxicity. The amount of the 
composition of the invention which will be effective will depend on the severity of the 
skin disorder being treated, and can be determined by standard clinical techniques. 

10 Such techniques include analysis of skin samples to determine levels of protein 

expression. In addition, in vitro assays may optionally be employed to help identify 
optimal dosage ranges. 

The present invention also provides a pharmaceutical pack or kit 
comprising one or more containers filled with one or more of the ingredients of flie 

1 5 pharmaceutical compositions of the invention optionally associated with such 
container(s) can be a notice in the form prescribed by a governmental agency 
regulating the manufacture, use or sale of pharmaceuticals or biological products, 
which notice reflects approval by the agency of manufacture, use or sale for human 
administration. 

20 

6. EXAMPLE: m47Vy-SPLICING OF THE CQL17A1 GENE 

The data presented below demonstrates the feasibility of using trans- 
splicing reactions in a keratinocyte specific context for skin gene therapy. In 
particular, the data mdicates that (i) the /raw^-splicing reaction is accurate between the 
25 target and PTM in keratinocytes; (ii) effectivity can be modulated by incorporating 
stem-loop structures in the ^an^-splicing domain; and (iii) intron 51 of the Coll7Al 
gene can be targeted and rraw^-spliced using spliceosomal mediated /ran.y-splicing at 
the pre-mRNA level in keratinocytes. 
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6.1 MATERIALS AND METHODS 
Cell cxilture . Human embryonic kidney cells (293T) were grown at 
37^C and 5% CO2 in a humidified incubator in DMEM medium supplemented with 
10% FBS (Life Technologies, Gaithersburg, MD). Passaging of the cells was 
5 performed every 3-4 days using 1% Trypsin-EDTA (PAA Laboratories, Linz, Austria) 
and cells were replated at the desired density. Human keratinocytes used in all 
experiments were prq>ared firom neonatal foreskins using a standard protocol. Cells 
were counted and plated on 60 mm plates at the desired density and grown for 10-12 
days at 37°C and 5% CO2 in a humidified incubator in KGM-2 medium 
1 0 (Clonetics/Bio-Whittaker, Walkersville, MD) to a confluency of approximately 50- 
60%. Medium was changed every 2-3 days. 

Primary keratinocytes fi:om a GABEB patient homozygous for 
4003delTC in C0L17A1 were immortalized with a human pq)illoma virus HPV16 E6 
and E7 vector and continuously passaged; the resulting cell line did not express 
15 collagen XVn protein. Cells were maintained at 37°C and 5% CO2 in KGM-2 
medium (Clonetics) and passaged every 5-7 days at a confluency of approximately 
70% and replated at the desired density. Medium was changed every 2-3 days. 

Target construction . LacZ-Tl (Figure .2A) included a lacZ 5' "exon" 
(1-1788 bp) followed by intron 51 of flie Collagen 17A1 gene (282 bp) and a LacZ 3' 
20 "exon" (1789-3 1 74 bp). This lacZ 3' exon contained two stop codons at position 1 800 
bp. Intron 51 of Coll7Al was amplified by PCR with Pfii DNA polymerase 
(Stratagene, La JoUa, CA) using genomic DNA as template and primers: 

lht51U(5'.CGGGATCCGTAGGTGCCCCGACGGTGATG-30; and 
25 IhtSlD (5CTAGGGTAACCAGGGTGAGAAGCTGCATGAGT-3'). 

The amplified product was digested with BamHI and BstEH 
(New England Biolabs, Beverly, MA) and inserted between the two lacZ exons. 
T2 (Figure 2B) included the genomic sequence of exon 51, intron 51 and exon 52 
followed by a FLAG sequence. The genomic sequence of exon 51, intron 51 and 
30 exon 52 was amplified using Pfii DNA polymerase and primers: 
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COLI-F (5'-CTAGGCTAGCCTGCCGGCTTGTCATTCATCC-3') and 
COLI-R (5'-CTAGAAGCTTTTACTTGTCATCGTCGTCCTTGTA 
GTCGCTGCATGCTCTCTGACACC-3'). 

The FLAG sequence was introduced by primer COLI-R. The PGR 
5 product was digested with Nhel and HindTTT (New England Biolabs, Beverly, MA) and 
inserted in pcDNAS.l (Invitrogen, Carlsbad, CA). 

Frc-trans-splicmQ molecules rPTMsV pC0L17-PTMl (Figure 2C) 
was constructed by digesting PTM14 (Intronn Inc., Rockville, MD) with EcoRI and 
Kpnl replacing the CFTR binding domain (Mansfield SG et al, 2000 7:1885-95) with 

10 a 80 bp oligonucleotide containing a 32 bp antisense binding domain (BD), a 18 bp 
spacer, branch point (BP), a polypyrimidine tract (PPT), and an acceptor AG 
dinucleotide followed by a lacZ 3* exon (1789-3174 bp). The use of BP and PPT 
follows consensus sequences which are needed for performance of the two phosphoryl 
transfer reactions involved in c£s-splicing and also in /ra/w-splicing, pCOL17-PTM4 

15 and pCOL17-PTM6 were constructed by digesting PTMl, 3, and 5 with Kpnl and 
Hindin and replacing the lacZ 3' exon with the exon 52 to 56 cDNA sequence of 
COLI7A1 (Figure 2D). The cDNA sequence was amplified with Pfix DNA 
polymerase fix>m poly-dT primed cDNA using the following primers: 

20 C0L2-F (5'-CTAGGGTACCTCTTCTTTTTTTTGATATCCTGCA 

GGTCCTGATGTGCGCAGC-30; and 
C0L-2.R (5*-CTAGAAGCTTTTATGGAGACCTTGGACCTAAG- 

The amplified product was digested with Kpnl and Hindm and cloned 
25 into PTMs 1, 3, and 5. All constructs were sequenced to confirm their correct 
sequence. 

Transfection into 293T cells . 293T cells were used for preliminary 
experiments due to their lack of endogenous C0LI7AI inRNA. The day before 
transfection, 1.15x10^ cells were plated on 60 mm plates and grown for 24 hr. Cells 
30 were transfected with expression plasmids using LipofectaminePlus reagent (Life 
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Technologies) according to manufacturer's protocol. Cells were harvested 48 hr after 
transfection. 

Transfectio n into primary keratinocvtes fhKC) > hKC were grown as 
described above for 10-12 days to a confluency of 50-60%. Cells were transfected 
5 using LipofectaminePlus reagent and KGM-2 without supplements. KGM-2 medium 
containing 2x supplements was added 3 hours after transfection. The medium was 
replaced by regular KGM-2 after 12 hr and incubated for additional 24-48 hr at 'iTC, 

TrfltigffiRtinn ititn imnrin rtalized GABBB-keratmocvtes . GABEB 
keratinocytes were plated on 60 rsm diameter plates at a density of 1 x 10^ cells/ml 
10 and grown to 60-70% confluency. Cells were transfected with FuGENE 6 (Roche) 
transfection reagent (6 (il/ng DNA) and DNA in supplement-free KGM-2 medium 
according to the manufacturer's protocol. The transfection reaction was added 
dropwise to the cells and mcubated for 3 hr at 37**C in 5% CO2. Then KGM-2 with 
2x supplements was added and the incubation was contmued overnight. The next 
1 5 morning the medium was replaced with fresh medium and incubated for additional 
24-48 hr. 

Total RNA isolation . 48 hr after transfection the plates were rinsed 
with phosphate buflFered saline (PBS) once and the cells were harvested m 1 ml PBS. 
The cells were pelleted and the supernatant was removed. Total RNA was isolated 

20 using MasterPure KNA/DNA purification kit (Epicentre Technologies, Madison, WI). 
Contaminating DNA was removed by DNase I treatment for 30-60 min at 37**C. 

Reverse Transcription Polymerase Chain Reaction . RT-PCRwas 
performed using a Superscript OneStep™ RT-PCR Kit (Life Technologies) 
according to the manufacturer's protocol Each reaction contained 50 to 500 ng of 

25 total RNA and 100 ng of a 5 - and 3 -specific primer in a 25 ^1 reaction volume. RT- 
PCR products were separated by gel-electrophoresis using 2% agarose gels. Primers 
used to estimate the products of c£s and irans-splicing were as follows: 

LAC9F (5'-ATCAAATCTGTCGATCCTTCC-3'); and 
30 KI-3R (5'-GACTGATCCACCCAGTCCCATTA-3') for cw-, and 

LAC9F and 
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KI-5R (5'-GACTGATCCACCCAGTCCCAGAC-3') for trans- 
splicing. For position of these primers on the plasmids see Figure 2A. RT-PCR 
analysis for the C0LI7A1 -mini-gene c£s-splicing was perfonned using the following 
primers: 

5 Ex5MF (5'-CATCCCAGGCCCTCCAGGAC-3'); and 

FLAG-R (S'-TTGTCATCGTCGTCCTTGTAG-S*), while Primers 

Ex51-1F and 

KI-53-1R (5'.GTAGGCCATCCCTTGCAG-3') were used for the 
detection of /rawj-splicing. For position of these primers on the plasmids see Figure 
10 5B. 

Protein preparation and fl-gal assay . The total protein from transfected 
cells was isolated by a freeze and thaw method and assayed for B-gal activity as 
described (Invitrogen). Total protein concentration was measured by the dye-binding 
assay according to Bradford using Bio-Rad protein assay reagent (BIO-RAD, 
15 Hercules, CA). All measurements of protein concentrations and B-gal activities were 
performed with a Pharmacia Ultrospec 2000 Spectrophotometer (Amersham 
Pharmacia, Uppsala, Sweden). 

/w xitti staini ng for p-gal . The ejcpressionoffunctional fl-gal was 
monitored using a B-gal staining kit (Invitrogen) following the manufacturer's 
20 protocol. The percentage of 6-gal positive cells was determined by counting stained 
versus unstained cells in five randomly selected fields. 

DNA sequencing. Constructs and RT-PCR products were sequenced 
using an ABI Prism automated sequmcer (Applied Biosystems, Foster City, CA), Taq 
Dideoxy Terminator Cycle Sequencing Kit (Applied Biosystems), and 2 pmol of 
25 primer per reaction to verify sequences. 

RNA struct ure detemn'Tiatinn RNA secondary structures for PTM 
binding domain design were predicted using the RNA folding program mfold by 
Zucker and Turner (htW://mfold2.wustl. edu/^mfold/ma/forml.c^ . 

Quantitative real-time RT-PCR analvsis . Real-time RT-PCR was 
30 performed using a LightCycler (Roche Diagnostics, Mannheim, Germany). 1 |ig total 
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RNA obtained from the transfection experiments was oligo dT primed and reversed 
transcribed to cDNA using M-MLV-RT (Promega, Madison, WI). PGR reactions 
were performed according to the manufacturers protocol using 1 ^1 of the cDNA 
solution, 3 ^1 SYBR-green master mix (Roche), 2 pmol of primer Lac9F, 2 pmol of 
5 primer KI-3R for the cw-splicing, and 2 pmol of Primer KI-5R for the /ranj-splicing 
product 

6.2 RESULTS 

The LacZ model repair-svstem . To evaluate the efficiency of ^rawj- 

10 splicing in various cell types we used a lacZ model repair-system. It consists of a 
mutant B-gal target expressed from plasmid LacZ-Tl, and a second plasmid 
expressing a pre-Zran^-splicing molecule (PTM) which were cotransfected into flie 
respective cells. First, cu'-splicing was examined by transfectmg LacZ-Tl plasmid 
(Figure 2A) into 293T ceUs followed by preparation of total RNA and RT-PCR 

15 analysis. A 302 bp RT-PCR product was detected using primers Lac9F (lacZ 5*exon 
specific) and KI-3R (LacZ 3'Stop codon specific), demonstrating the expected size for 
accurate cij-splicing (Figure 3 A; lanes 2; 6; 7; 8). The RT-PC31 product was 
sequenced to confirm the accuracy of splice site usage (Figure 3B, upper panel). 
Because of the inclusion of in-frame stop codons there is no measurable p-gal activity 

20 exceeding basal expression of mock transfections (Figure 3C). 293T cells transfected 
with LacZ-Tl alone showed complete absence of positively stained cells in cell 
culture (Figure 4, top panel, control). 

The second component of the lacZ model repair-system are the PTMs. 
PTMl included a 32 bp antisense binding domain exactly complementary to the 3* end 

25 of C0L17A1 intron 5 1 , and 18 bp spacer sequence, yeast branch point (BP), 
polypyrimidine tract (PPT) and a 3* splice acceptor site followed by the coding 
sequence of the wild-type lacZ gene fragment from nucleotide 1789 to 3174 inserted 
into a pcDNA3.1 mammalian expression vector (Figure 2C). This construct was 
predicted to produce RNA which binds to and repairs the defective pre-mRNA 

30 transcribed fix)m LacZ-Tl by replacing the mutation in the 3'exon of the target pre- 
mRNA and therefore restoring fl-gal activity. As expected the PTM did not yield 
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functional mRNA (Figure 3A; lanes 3, 4, 5; left picture) and B-gal activity (Figure 3C) 
when transfected alone. 

Testing for RNA repair and protein function restoration in an epithelia 
cell-line . The ability of PTM-induced RNA /ran^-splicing to repair the chosen pre- 
5 mRNA target was examined in a transient co-transfection assay. Plasmids expressing 
LacZ-Tl pre-mRNA and PTMl pre-mRNA were co-transfected into 293T cells. The 
product of the /ranjf-splicing reaction should be an mRNA consisting of the 5'exon of 
lacZ and the inserted normal 3*exon of lacZ, which should be translated into 
functional B-gal protein. Analysis of total RNA by RT-PCR using a target specific 

10 primer (Lac9F) and a lacZ-PTM specific primer (KI-5R) showed a RT-PC31 product 
of the predicted length (298 bp) (Figure 3A; lanes 6, 7, 8; right picture). This product 
was not observed in cells transfected with either LacZ-Tl or PTMl alone (Figure 3A; 
lanes 2, 3, 4, 5; right picture). Sequencing of the 298 bp trans-spliced RT-PCR 
product demonstrated that *raw^-splicing was accurate between LacZ-Tl pre-mRNA 

1 5 and PTMl pre-mRNA (Figure 3B; lower panel). In addition, genomic DNA was 
prepared from co-transfected cells and analyzed by PGR using the target specific 
Lac9F as a forward and the PTM specific KI-5R as a reverse primer to rule out 
recombination events on the DNA level between PTM aad target. No PGR fragment 
was detected indicating the absence of recombiuation events. 

20 rraw^-splicing between LacZ-Tl pre-mRNA and PTMl pre-mRNA 

restores fi-g al activity . The repair of defective lacZ pre-mRNA by trans-splicing and 
production of functional B-gal protein was investigated in 293T cells co-transfected 
with target and PTM plasmids. Staming of co-transfected 293T cells revealed B-gal 
positive cells (25% of total cells) (Figure 4 upper panel, right), indicating the 

25 production of corrected RNA. In contrast, cells transfected with either LacZ-Tl or 
PTMl alone did not produce any fimctional B-gal as indicated by the complete 
absence of B-gal positive cells. 

To further quantify the amount of B-gal activity produced by trans- 
splicing repair en2yme activity .was measured in a colorometric assay. B-gal activity 

30 in protein extracts prepared from cells transfected with either LacZ-Tl target or PTMl 
alone was almost identical to the background levels. In contract, cells co-transfected 
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with LacZ-Tl and PTMl produced a significant amount of B-gal activity compared to 
background (--100 fold increase) (Figure 3C). These data draionstrate the efficient 
repair of defective LacZ-Tl pre-mRNA by trans-splicing restoring B-gal protem 
function. 

S The length of the binding domain s can mnd ulate frawg-splicing 

efficiency and specificity . To detmnine how the length of fiie binding domains 
influences the efficiency of (ran^-splicing between LacZ-Tl and PTMs, PTM3 and 
PTMS were constructed (Figure 2C). PTMS contains a shorter binding of 25 nt with 
distinct changes in the nucleotide sequence to achieve a tight RNA secondary 

1 0 structure that should reduce non-specific binding to other RNA targets. This change 
was made based on the predictions gained from the KNA program of Zucker and 
Tumer http://nifold2.wustl.edu/-mfold/ma/fonnI.cgi). This PTM (PTM3) was co- 
transfected with LacZ-Tl and its repau: efficiency was measured by RT-PCR, B-gal 
quantitative assay and in situ stairdng for B-gal. PTM3 showed a modest increase m 

1 5 B-gal activity compared to PTMl indicating more efficient binding and /ra/i5-splicing. 
A third PTM, PTMS was constructed using a longer binding domam of 52 nt (Figure 
2C). Transfections with this PTM showed a 3 fold mcrease in restoration of fi-gal 
activity compared to PTMl or PTMS, respectively (Figure 3C). 

To quantify the rran^-spliced mRNA compared to the cw-spliced 

20 product, semi-quantitative real time PC!R was performed. As expected, control 
reactions did not show any ^ra/w-spliced product, co-transfection of LacZ-Tl and 
PTMl yielded 1 .9% of repaired lacZ niRNA compared to cw-spliced target. Co- 
transfection of LacZ-Tl and PTM3 improved rran.y-splicing to 2.1%. The extension 
of the binding domam length contained in PTMS further mcreased the amount of 

2S repaired mRNA to 6.5% of cw-spliced target confirming the results obtamed by the fi- 
gal protein assay (Table IT). 
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Table n 

Relative efficiency of ^a/is-splicing in keratinocytes 
measured bv semiquantitative real-time PCR^ 



Transfection 


Cis-splicing" 


rraits-splicing 


Percentage 


Tl 


3.7 






PTM3 








PTM5 








TI+PTMl 


3.9 


0.075 


1.9% 


T1+PTM3 


4.1 


0.088 


2.2% 


T1+PTM5 


4.9 


0.32 


6.5% 



5 

^One representative experiment of 5 similar experiments is shown 
lumbers are in nanogram and depict the calculated amounts of DNA 



To compare the specificity of /nzn.!r-splicing between PTMs 1, 3 and 5, 

10 a non-specific target placZ-T4 containing mini-intron 9 of the CFTR gene was used. 
B-gal activity was not significantly increased over basal levels by transfection with 
pLacZ-T4 or each one of the PTMs alone. Co-transfection of the non-specific target 
with PTMs 1, 3 and S showed a decrease in fi-gal activity correlated witii changes in 
their binding domains. With PTMl the non-specific ^rfl;i5-splicing was - 12% of 

15 specific rra/i5-splicing between CF-Target and CF-PTM14. The PTM with the 
longest binding domain represented by PTMS restored only ~ 6% the level of B-gal 
activity compared to that obtained between specific PTM and target. 

To achieve protein restoration in C0L17A1 harboring the 4003delTC 
mutation the complete C-tenninus 3' of the mutation has to be incorporated into a 

20 PTM and rran^-spliced into the mutant pre-mRNA by the spliceosome. To evaluate if 
this can be achieved, a C0L17A1 mini-gene construct spanning exon 51, intron 51 
and exon 52 including the addition of a FLAG-sequence at the 3' end (T2; Figure 2B) 
was transfected into 293T cells. To demonstrate the fimctionality of the mini-gene 
target, the cis-spliced mRNA derived firom this construct was analyzed by RT-PCR 

25 and sequenced showing correct length of 568 bp (Figure 5 A; upper panel). A series of 
PTMs were constructed based upon the LacZ PTMs described above, incorporating 
their target binding and /raw-splicing domains but replacing the 3' lacZ exon by the 
cDNA sequence of C0L17A1 exons 52 through 56. These PTMs named PTM2, 
PTM4 and PTM6 OFigure 2D) were transfected into 293T cells. No fraws-spliced 
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product was detected by RT-PCR reaction using primers Ex51-1F and the exon 53 
specific reverse primer KI-53-1R. However, co-transfection of the ColI7Al mini- 
gene target (T2) and either PTM 2, 4 or 6 foUowed by RT-PCR analysis indicated 
accurate frans'-splicing producing the expected 574 bp fragment (Figure 5A; lower 
5 panel). Therefore, /raas-splicing produces a KNA spanning from exon 5 1 to exon 56, 
replacing exon 52 and the attached FLAG sequence of tiie mini-gene target pie- 
njRNA. Sequence analysis showed the accuracy of the trans-spUdag between the 
target pre-mRNA and the PTM. The possibiHty of DNA-recombination events was 
analyzed by PGR using primes Bx51-1F and KI-53-1R. No product was obtained 
10 eliminating the possibility of DNA-iecombination events. 

To evaluate if the keratinocyte-specific environment allows for trans- 
splidng to occur, the LacZ lepaii system was used in human keratinocytes. First 
LacZ-Tl or PTM5 alone wwe transfected into human keratinocytes which did not 
increase the level of B-gal activity beyond flie levels measured in mock transfected 
15 keratinocytes. 6-gal protein quantification produced a~100 fold increase in B-gal 
activity over background due to mRNA repair by /ran^-splicing PTM5 pre-mRNA 
into LacZ-Tl pre-mRNA (Figure 6A; 1). C£s-spUcing of the target was detected by 
RT-PCR analysis of total RNA using primers Lac9F and KI-3R (Figure 6A; n, left 
panel). Primer pair Lac9F and KI-5R weite utilized for analysis of /raw-spKcing 
20 (Figure 6A; H right panel). 

7hi«s-splicing in an immortalized CollTAl deficient KC cell-line. 
Transfection of either LacZ-Tl or PTM5 alone produced no B-gal activity, nor 
positively stained cells in cell culture. Co-transfection of LacZ-Tl and PTM5 
produced significant levels of B-gal activity (295 U/mg protein) (Figure 6B; I). In this 

25 cell type cis- and trans-splicmg was detected using primer Lac9F and KI-3R (cis) or 
Lac9F and KI-5R (trans) (Figure 6B; A). In addition B-gal positive cells could be 
detected when LacZ-Tl and PTM5 were co-transfected in the immortalized GABEB 
cell line (Figure 4, lowest panel). 

In both primary keratinocytes and the GABEB cell-line DNA, 

30 recombination events were ruled out by PGR analysis as described above. Additional 
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sequence analysis for both cell types showed accurate /ra/? j-splicing, with replacement 
of the stop codon containing exon. 

The detection strategy for endogenous trans-splicing of the Coll7Al 
pre-mRNA in HaCatKC cells is shown in Figure 7. The pre-fra/w-sphcing molecule 
5 (PTM5) which consists of a Col7Al binding domain 51, spacer element, branch point 
(BP) and polypyrimidine tract (PPT) followed by a functional part of B-galactosidase 
lacZ 3' exon cloned into pcDNA3.1(-) is depicted. This construct was transfected into 
HaCat cells. Pre-mRNA resulted in correct endogenously trans-spliced product of a 
genomic fragment spanning exon 1-51 and LacZ 3* exon confirmed by semi-nested 
10 RT-PCR with primer 51-lF, lac6R and lac4R. Figure 8A depicts the sequence of 
correct endogenously trans-sphccd splice junction of genomic firagment exon 51 with 
lacZ 3' exon and confirmation with restriction enzyme digest of 226bp RT-PCR 
product with Msel resulting in two fi:agments of 168bp and 58bp. (B). 

15 7. EXAMPLE: mj^S-SPLTCTN O OF THE PLECITN TARGET Ptt 

The subsection below describes experiments designed to mediate a 
trans-splicing reaction between a PTM and a plectin pre-mRNA molecule using 
5* /ra/w-splicing. 

7.1 MATERIALS AND METHODS 
20 bolation an d in-vitro culture of keratmocvtes . Human keratinocytes 

are isolated fi:om skin samples after skin biopsy, incubated with dispase at 4**C 
overnight and then trypsinized to obtain a single cell suspension. Cells cultured in 
KGM keratinocyte medium (BioWhitacker,Vervier, Belgium) at 0,15 mM Ca2+. 

Cells and cell-lines. Patient keratinocytes firom EBS-MD patients are 
25 collected by biopsies undw local anesthesia, prepared using trypsin, expanded and 
firozen at different passage numbers in liquid nitrogen. Those keratinocytes with the 
plectin genetic background are immortalized using HPV16 E6 and HPV7 under the 
control of an actin promoter (provided by H. Lochmuller, Institute of Biochemistry- 
Genecenter, LMU, Munich, Germany). 
30 Organotypic culture. Cadaver skin is obtained from a skin bank. The • 

skin is tested to deteraiine that the skin is HIV- and Hepatitis-B negative. 
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Cryopreserved skin is subjected to rapid freeze-thaw cycles in liquid nitrogen to 
devitalize the cells, washed in sterile PBS and incubated at 37°C in sterile PBS with 
antibiotics. Epidermis is removed. The acellular dermis is cut into pieces and each 
piece is placed into a tissue culture dish papillary side up. Transiently PTM- 
5 transfected plectin-deficient keratinocytes are placed on the dermis and grown 

submerged for one week which yielded a three- to five-cell layer. The skin composite 
is then lifted to the air-liquid surface, and grown for various periods of times and then 
analyzed. 

Northern blotting . Cultured cells are trypsinized, lysed and RNA is 

10 isolated using anion-exchange columns (Qiagen, Hilden, Germany). Isolated RNA is 
electrophoresed and transferred to a njdon-membrane. The membrane is probed with 
^^P-labeled cDNA fragments. The blots are washed and specific bands are detected by 
exposure to X-ray films. Probes are made using primers designed according to 
pubUshed sequences. After RT-PCR the Augments are subcloned mto a pUC18 

1 5 plasmid and amplified according to standard procedures. 

ImmunofluoT€scence . Cultured keratinocytes are fixed with 3% 
paraformaldehyde. A plectin specific first step antibody (5B3, kindly provided by 
G. Wiche, Vienna, Austria) and a FTTC-labeled secondary antibody is then applied to 
the sample. After a washing step the respective anti mouse-FTTC labeled and anti-rat- 

20 Khodamme labeled second step antibodies are appUed. Slides are mounted and 
immunofluorescence is detected using a Zeiss microscope. The epidermis Scorn 
organotypic culture will be snap-ftozen and cut with a cryostat. 

Western Blot analysis . Confluent cells are washed with PBS and 
scraped off the plate. Cell pellets are lysed in 50 mM Tris-HCl pH 7.5, 150 mM 

25 NaCl, 1% (v/v) Triton-X 100, 0.1% (w/v) SDS, 0.5 mM EDTA, 10 pM leupeptm, 100 
HM phenyhnethylsulfonylfluoride, 100 \M DTT. The epidermis from organotypic 
culture is lysed directly. 20 \ig protein of control and test KC are loaded on a 5% SDS 
Polyacrylamide Gel. Following electrophoresis, proteins are transferred to 
nitrocellulose (Hybond C pure; Amersham Pharmacia Biotech, Little Chalfont, UK) in 

30 48 mM Tris-HCl, 39 mM Glycine, 20% (v/v) MeOH, 0.037% (w/v) SDS. The 

primary monoclonal antibody 5B3-is diluted 1 :3 in blocking buffer (200 mM Tris-HCl 
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pH 7.6, 137 mM NaCl, 0.2% (w/v) I-Block, 0.1% (v/v) Tween 20). Immunodetection 
is monitored with the Western-Star™ CSiemiluminescent Detection System (Tropix 
Inc., Bedfoid, MA, USA) following the manufacturer's instractions, 

5 Primers : PLEC-FN: 5' GGG AGC TOG TGC TGC TGC TGC TTC 3' 

PLEC-FM: 5' GGG AGC TGG TGC TGC TGC TGC TGC 

3. 

PLEC-R: 5' CTC TCA AAC TCG CTG CGG AGC TGC 3' 

Cloning of the Exon 9 to Exon 10 region from nlectin gene . TheDNA 

1 0 sequence of the plectin gene spanning exon 9 to exon 1 0 is amplified by using exon 9 
upstream and exon 10 downstream primers. For a directional cloning of the fragment 
restriction sites are added to the primers. The an^lified DNA fragment was cloned 
into a pGEM-3Zf(+) vector (Promega, Madison, USA). The region of exon 9/intron 
9/exon 10 is sequenced to ajBBrm the correct sequence. Also the genomic exon 9 to 10 

1 5 region from the EBS-MD patient is cloned according to this protocol. 

Construction of LacZ vectors and PTM's for trans-sx)liomQ mediated 
gene repair . To select for the best binding requirements in intron 9 of the plectin gene 
artificial chimeric LacZ targets are constructed (LacZ-T3+T4; Figure 10) consisting 
of: 5* fragment (5'-exon l-1788bp) of the LacZ coding sequence with an insertion of 

20 two in-frame stop codons at the 3' end (1761-1762), intron 9 of the plectin gene 

(PLECl), and the 3'-exon of-LacZ (1789-3170 bp) (= LacZ-T3); LacZ-T4: 5' fragment 
(5* exon l-1788bp) of the LacZ coding sequence, intron 9 of plectin gene (PLECl), 
and the 3'exon of LacZ (1789-3 170 bp). In addition, repair molecules are constructed, 
which are referred to as pre-^ra/w-splicing molecules, (Lac-PTM3+4; Figure 1 1) 

25 LacZ-PTM-3 : Binding domain complimentary to intron 9 of PLEC 1 , a spacer and 
very strong 5' splice site elements, followed by the 5' fragment of LacZ (l-1788bp) 
(=PTM-3). PTM-4: Random non intron 9 binding domain followed by the 5' fragment 
ofLacZ(l-1788bp). 
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Construction of the PTM's is performed according to Puttaraju et aL, 
(Mol. Ther^y, 2001, 4:105-114) using 5' splice site elements, a spacer region and a 
binding domain (BD) complementary to the intron 9 sequence at the 5* end of the 
intron to block cfc-splicing. Exons 1 through 9 are amplified from cDNA using an 
5 exon 1 forward- and an exon 9 reverse-primer. The 5' PTM domain is attached to the 
exon fragment usmg restriction enzymes and Ugation PGR technique. For in-vitro 
studies the PTM's are cloned into a vector containing SP6/T7 promoters (pGEM, pBS) 
for in vitro RNA synthesis. Furthermore, the PTM's are cloned into a mammalian 
expression vector (pcDNA 3.1, pcDNA 3.1/ffis/lacZ,) for in vivo transfection studies 

10 in human keratinocytes. 

In vitro preparation of RNA . RNA is transcribed using the T7 and/or 
SP6 promoters on the pGH^-3Zf (+). For ttie synthesis, a T7/SP6 RNA synthesis kit 
(Promega) is used. O.S to 1 ^g of template RNA is added to the transcription buffer 
and a nucleotide mixture (10 mM each). After 60 min. at 30®C RNase free DNase I is 

IS added to remove template DNA to avoid later interference of template DNA. The 
reaction is followed by gel purification using 4-8% PAGE to obtain RNA of 
homogeneous size. After overnight elution the RNA is precipitated. 

In vitro splicing and /ray«'-splicing using HeLa extracts . In vitro 
synthesized and gel purified PTM-RNA and target pre-mRNA is aimealed after 

20 denaturing at 95-98°C followed by a slow cooling to 30-34°C. 4 ^il of annealed RNA 
complex, Ix splice buffer and 4 |il of HeLa nuclear extract (Promega) in a final 
volume of 12.5 |il is incubated at 30°C for the time indicated. The reaction is stopped 
by adding an equal volume of high salt buffer. Nucleic acids is purified by 
phenolrchloroform extraction followed by ethanol precipitation. B-globin pre-mRNA 

25 was used as a positive control. 

Reverse transcription (RT) PGR . RT-PCR is performed using r27A 
(Perkin Elmer) polymerase. Each reaction contains approximately 10 ng of the 
spliced RNA or 1-2 \xg of total RNA. Enzyme buffer, 2.5 mM dNTP's, 10 pM 3* and 
5' specific primer and SU of enzyme are added to a reaction volume of 30 ^1. 

30 RT-reaction is performed at SO^'C for 45 min. Resulting cDNA is amplified by PGR 
using specific a specific exon primer. 
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Sequencing of RT-PCR products . The trans-sp]iccd RT-PCR products 
are reamplified using a specific nested primer and the Perldn Ehner sequencing kit for 
cycle sequencing using dye-termination mix, 3-10 pmol/jil primer and 360 ng-1.5 jig 
DNA. After cycle sequencing the reaction is precipitated with ethanol to remove 
5 unincorporated nucleotides and to reduce salt concentration. The pellet is dissolved in 
25 jil TSR (Template suppression reagent) followed by a 2-3 min. denaturation at 
95^C. The sequencing reactions are analyzed using an ABI Prism 310 Sequencer 
(Perkm Ehner, Foster City, CA). 

Transfection and cotransfection of target and PTM's into keratinocvtes . 
10 Kemtinocytes are grown as described above. Cells are transfected with PTM's and 
target constructs for measuring cis- and /ranj-splicing efficiencies using lipofectamine 
following the manufacturer's protocol. Since transfection efficiency is crucial to these 
experiments a number of different liposomal transfection reagents have been 
evaluated. Fugene 6 (Roche Diagnostics, Mannheim, Germany) yields significantly 
15 improved transfection eflBciency in KC (data not shown). In addition, electroporation 
is employed to further improve on transfection efficiency. 

Construction of a cDNA library and 3 RACE . 

3 'RACE . Because of the known sequence of exon 9 it is possible to 
clone each exon 9 containmg mRNA by 3'RACE (VoUoch, V et al, 1994, Nucl Acid 
20 Res 22:2507-251 1). To generate 3' end-cDNA clones, reverse transcription (primer 
extension) is carried out to generate first-strand products. Amplification is achieved 
using a forward primer specific for exon 9 and an oligo-dT reverse primer to form the 
second strand of cDNA. Then PCR jfragments are cloned and sequenced. 

cDNA library . First strand cDNA is synthesized using an oligo-dT 
25 primer and M-MLV reverse transcriptase. 2-5 ^g of polyadenylated RNA is heated for 
65''C for 5 min and chilled on ice. RT-buffer, 8mM dNTPs, 2^g oUgo-dT primer, 25^1 
RNasin and 200^ M-MLV RT is added and incubated for 1 h at 37°C followed by a 
RNase H digestion. Excess primer is removed using spin filters. An aliquot of the 
cDNA is amplified using a nested exon 9 specific primer and oligo dT primer. 
30 Obtained products are flushed using Klenow enzyme or T4 DNA polymerase and 
cloned for sequence analysis. 
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7.2 RESULTS 

TVflw^-splicing in a LacZ system . For gene correction of the plectin 
1287ins3 mutation, a 5'lacZ model system is used. The corrected fragment for 5* 
5 /ra«j-splicing is only 1 356 bp long as opposed to 12833 bp for 3' /ron^-splicing 
(Figure 9). 

Accurate trans-spacing between LacZ-T3 and LacZ-PTM3 leads to the 
production of a functional mRNA that produces into significant levels of fi- 
galactosidase activity in the LacZ system since the stop codon introduced in the 

10 5*LacZ fragment is eliminated, fi-galactosidase activity is not expected when PTM or 
target constructs are transfected alone. 

Based on the results obtained when the LacZ-T3 and LacZ PTM3 are 
co-transfected, appropriate controls for transfection and splicing eflSdency using a 
constract with plectin intron 9 inserted into the LacZ reading frame is transfected 

15 (LacZ-T4) into cells (Figure 10). This transfection will yield a functional fi- 
galactosidase without co-transfection upon c£s-splicing. Furthermore, comparison of 
targeted vs. non-targeted (non-targeted PTM contains random sequence in place of 
plectin binding domain; LacZ-PTM4; Figure 1 1) /ranj-splicing will indicate the 
specificity at the RNA level (RT-PCR analysis) as well as at the protein level (B- 

20 galactosidase activity). Variation in the length of the binding domain, incliision of 
nonspecific sequences and other modifications in the ^ra/w-splicing domain binding 
sequences will provide important mformation on the most efficient PTM sequences. 

Trfln^-splicing in cell culture . The efficiency of PTM-induced^ran^- 
splicing versus cw-splicing is evaluated in a nonselected transient transfection assay. 

25 293T cells are transfected with a mammalian expression vector containing a plectin 
PTM-5 (Figure 12) containing the binding domain found to be spliced most efficiently 
and harboring exons 1-9 including tiie 1287ins3 mutation (Figure 12, PLEC-PTM-5). 
Total RNA is isolated 48 h post transfection and analyzed by RT-PCR using primers. 
The amplified product is sequenced, to confirm that PTM-driven trans-sphcing occurs 

30 in these cells at the predicted splice sites. Cw-splicing is detected by primers PLEC-R 
and PLEC-FN. 3>a/w-splicing is detected by primer pair PLEC-R and PLEC-FM. 
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TVanj-spKcing should be detected in a 50 ng total RNA sample. The cis-spliced 
products can be discriminated in the same KNA pool from rran^-spliced products by a 
3 bp length diflFerence. No (ran^-splicing is expected in cells transfected with either 
target alone or control plasmids alone. The efficiency of PTM-mediated RNA trans- 
5 splicing versus ciy-splicing is evaluated by a semi-quantitative RT-PCR with 

increasing amounts of total-RNA using ds- and /ran.y-specific primers (see above). 
To exclude the possibility of recombination between flhe target and PTM-plasmids, 
total DNA was isolated from 293T cells transfected with PLEC-PTM-5 plasmids. 
PC31 is performed with the same primers (PLEC-R and PLEC-FM) used for reverse 
1 0 transcription PGR to detect /ran^-spUcing between the endogenous plectin gene and 
PLEC-PTM-5. 

Evaluation of nonspecific trans'Sxy]icia^ bv 3' RACE and cDNA- 
Hbrarv construction in 293T cells . To determine the specificity of PTM's,i.e., 
whether they are trans-spAced into other endogenous RNAs, 3' RACE is used to 

1 5 amplify the sequence of all ^an^-spliced reaction sites. Specifically, reverse ' 
transcription will be initiated from an oligo-dT primer. Resulting cDNAs are 
amplified using a nested exon 9 primer and an oligo dT primer. The amplified 
products are cloned and sequenced, hi addition, cDNA libraries can be constructed 
firom transfected cells to detect illegitimate /raTU^-spUcing using a standard dT 

20 ^proach (Sambrook, J et aL, 1989 Molecular Cloning: A Laboratory Manual, Cold 
Spring Harbor Laboratory, Cold Spring Harbor, New York). Individual clones will be 
checked for sequences specific to the PLEC-PTM-3 construct. 

Trans-splicixis. in Keratinocvte cell-culture . Gene-correction in 
keratinocytes from plectin-deficient patients by transient transfection. SpUceosome 

25 mediated RNA ^ran^-splicing PTMs are designed that are capable of repairing 

mutated plectin pre-mRNA m pati^t cells. Since the amount of endogenous plectin 
mRNA is not reduced in these patient cells (Bauer et a/., 2001, Am J. Pathol 158:617- 
625) there should be no reduction of plectin pre-mRNA containing the required intron 
9 pre-mRNA sequences. Based upon information obtained &om preliminary 

30 experiments, new PTMs are constructed that contain sequences encoding the complete 
5' end of plectin from exons 1 through 9 (PLEC-PTM-6). These constructs are tested 
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by RT-PCR for KNA repair in plectin delScient cells (Figure 13). Efficiency of trans- 
splicing versus c£y-splicing are assayed using cis- and ^raw^-specific primers. RT-PCR 
products are sequenced to verify proper splicing between PLEC-PTM-6 and target 
PGR of the total cellular DNA (with no Reverse Transcription step) is analyzed to rule 
S out homologous recombination. The specificity of each PTM in /ra/i^-splicing to 
target versus non-target is examined by performing 3* RACE followed by the cloning 
and sequencing of a number of clones. FTM specificity is examined for PLEC- PTM- 
6 and its derivatives. 

Inclusion of a safety domain into the binding domain is known to 

1 0 decrease nonspecific ^ra/w-splicing, thus, a second type of plectin PTM is also 
developed, the plectin-safety-PTM. The binding domain of this safety PTM has 
complementarity to regions of the PTMs splice site (PPT and BP), and has msertions 
to form a stem structure, which is designed to block access of splicing factors to the 
PTM splice site. A portion of the PTM binduig domain left as single-stranded 

15 initiates contact with a target pre-mRNA. Upon binding to the target through base- 
pairing, the safety is predicted to unwind exposing the splicing elements which are 
now ready for bmding with splicing factors. 

Gene-repair and restoration of protein fimction in 1287ins3-plectin- 
deficient keratinocvtes &om patients on protein level After transfection of the 

20 improved PTM into patients* keratinocytes, expression of plectin is evaluated by 
immunofluorescence analysis and Westem blotting. 

TranS'SpUcinz in an organotypic culture . A composite skin is cultured 
as described above. The expression vector containing the improved PTM as 
determined above is used in these experiments. The growing composite skin 

25 equivalent is analyzed at time points day 1-5 after being lifted to the air by 
immunfluorescence for correct expression of plectin. 

8. EXAMPLE: TRANS-SfUCING TO THE ENDOGENOUS C0L7A1 GENE 
The results described below demonstrate the feasibility of using trans- 
30 spUcing to repau: or correct the endogenous the C0L7A1 and C0L17A1 gene mutated 
m epidermolysis bullosa (EB). 
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As depicted in Figure 14A, PTM6 consists of a Coll7Al binding 
domain (intron 51), spacer element, branch point (BP) and poly pyrimidine tract (PPT) 
followed by exon 52-56 cloned into pcDNA3.1(-), This construct was transiently 
transfected into GABEB cells haiboiing the 4003 del TC mutation. Pre-mKNfA 
splicing in GABEB cells resulted in a correct endogenously ^ra/25-spIiced product of a 
genomic fragment spanning exon 1-56 which was confirmed by semi nested RT-PCR. 
RNA was extracted fi:om PTM6 transfected GABEB cells and semi-nested RT-PCR 
was performed with BPAG2-primer Sl-IF, 53-lR and 52-lR. DNA sequencing of 
the expected 323bp fragment was performed, which revealed both the mutant and 
tranS'Spiiced corrected alleles (Figure 14B). 

To quantify wildtype vs. mutant DNA in the 323bp fragment, the 
fragment was cloned into a TOPO vector. 100 clones were analysed by colony PGR 
and subsequent NlaDI digest, which detects the 4003 del TC mutation in the 
C0L17A1 gene. A given digest profile of 4 different possibilities and fragment sizes 
1 5 are shown. Quantification of TOPO clones revealed rrofw-splicing elBSciency of 

ahnost 50% (Figure 14C, 14D, 14E). Expression of the type XVn collagen protein in 
the GABEB cell line due to correct ^rflTw-splicing of PTM6 was demonstrated by 
immunofluorescence (IF) of transfected cells (Figure 15), which was not preset in 
control cells. 

20 The design of specific PTMs for each target gene should be modified 

to reach optimal frawj-splicing efficiencies in the C0L7A1 gene (Figure 17 and 18). 
Figure 17 depicts a B-gal assay of a co-transfection of Col7 target Tl and PTM 8, 9 
and 10 in 293T cells with Lipofectamine. In addition, fl-gal staining of Col7 PTM 
transfected human HEK 293T cells shows correct trans-splicmg events. (Figure 18) 

25 The results show that endogenous trans-spUciag is detected in 

keratinocj^es derived firom patients suflfering fix>m epidermolysis bullosa. From 
earlier studies it was shown that the efficiency of /raw5-splicing in a PTM and target 
plasmid co- transfection assay was 24% when correcting for the transfection 
efficiency (DalUnger G etal, 2003, Exp Dermatol. Feb;12(l);37-46). hi the model 



5 



10 



-48- 



wo 2004/006678 



PCT/US2003/022469 



used in the current studies (endogenous /ran^-splicing with a correcting 3 'end of 
C0L17A1) the efficiency of trans-splicing was found to be roughly 50%, though the 
absolute number of trans-splicing events is likely to be lower in the endogenous 
system. 

5 The present invention is not to be limited in scope by the specific 

embodiments described herein. Indeed, various modifications of the invention in 
addition to those described herein will become apparent to those skilled in the art &om 
the foregoing description and accompanying Figures. Such modifications are intended 
to fall within the scope of the appended claims. Various references are cited^herein, 

10 the disclosure of which are incorporated by reference in their entireties. 
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WE CLAIM : 

1 . A cell of the skin comprising a nucleic acid molecule wherein said 
nucleic acid molecule comprises: 

5 a) one or more target binding domains that target binding 

of the nucleic acid molecule to a pre-mSNA expressed 
within the cell of the skin; 
b) a 3' splice region comprising a branch point and a 3' 
sphce accq>tor site; 

10 c) a spacer region that separates the 3' splice region from 

the target binding domaii^ and 
d) a nucleotide sequence to be ^ran5-spliced to the target 
pre-mRNA; 

wherein said nucleic acid molecule is recognized by nuclear spUcing components 
1 5 within the cell of the skin. 

2. A cell of the skin comprising a nucleic acid molecule wherein said 
nucleic acid molecule comprises: 

a) one or more target binding domains that target binding 
20 of the nucleic acid molecule to a pre-mRNA expressed 

within the cell of the skin; 

b) a 3* splice acceptor site; 

c) a spacer region that separates the 3* splice region &om 
the target binding domain; and 

25 d) a nucleotide sequence to be ^an^-spliced to the target 

pre-mRNA; 

wherein said nucleic acid molecule is recognized by nuclear splicing components 
within the cell of the skiiL 

30 3 A cell of the skin comprising a nucleic acid molecule wherein said 

nucleic acid molecule comprises: 
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a) one or more target binding domains that target binding 
of the nucleic acid molecule to a pre-mRNA expressed 
within the cell of the skin; 

b) a S' splice site; 

5 c) a spacer region that separates the S' splice site from the 

target binding domain; and 
d) a nucleotide sequence to be ^a/t^-spliced to the target 
pre-mRNA; 

wherein said nucleic acid molecule is recognized by nuclear splicing components 
1 0 within the cell of the skin. 

4. Hie cell of claim 1 wherein the nucleic acid molecule further 
comprises a 5' donor site. 

IS 5. The cell of claim 1 wherein the 3' splice region further comprises a 

pyrimidine tract. 

6. The cell of claim 1, 2 or 3 wherein said nucleic acid molecule 
further comprises a safety sequence comprising one or more complementary 

20 sequences fliat bind to one or both sides of the 5' splice site. 

7. The cell of Claim 1, 2 or 3 wherein the nucleic acid molecule 
further comprises a safety nucleotide sequence comprising one or more 
complementary sequences that bind to one or more sides of the 3* splice region. 

25 

8. The cell of Claim 1 wherein the binding of the nucleic acid 
molecule to the target pre-mRNA is mediated by complementary, triple helix 
formation, or protein-nucleic acid interactioit 

30 
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9, The cell of Claim 1 wherein the nucleotide sequences to be trans- 
spliced to the target pre mRNA encodes a polypeptide expressed within the cell of the 
skin. 



S 10. The cell ofclaim 9 wherein the polypeptide is a keratinocyte 

specific polypeptide. 

1 1 . The cell of claim 9 wherein the polypeptide is a melanocyte 
specific polypeptide. 

10 

12. The cell of Claim 9 wherein the polypeptide is selected fix)m the 
group consisting of a plectin, type VII collagen, type XVn collagen, and laminin 
polypeptide. 

15 13. The cell of claim 1 wherein said cell is a cancer cell of the skin. 

14. The cell of claim 10 wherein said cell is a melanoma or basal cell 

carcinoma cell. 

20 15. The cell of claim 1 wherein said cell is selected from the group 

consisting of a keratinocyte, melanocyte and dermal papilla cell. 



16. A cell of the skin comprising a recombinant vector wherein said 
vector expresses a nucleic acid molecule comprising: 
25 a) one or more target binding domains that target binding 

of the nucleic acid molecule to a pre-mRNA expressed 
within the cell of the skin; 
b) a 3' splice region comprisiag a branch point and a 3' 
splice acceptor site; 

30 c) a spacer region that separates the 3' splice region firom 

the target binding domain; and 
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d) a nucleotide sequence to be /ran.;-spliced to the target 
pre-mKNA; 

wherein said nucleic acid molecule is recognized by nuclear splicing components 
within the cell of the skin. 

5 

17. A cell of the skin comprising a recombinant vector wherein said 
vector expresses a nucleic acid molecule comprising: 

a) one or more target binding domains that target binding 
of the nucleic acid molecule to a pre-mRNA expressed 

10 within the cell of the skin; 

b) a 3' spUce acceptor site; 

c) a spacer region that separates the 3* splice region from 
the target binding domain; and 

d) a nucleotide sequence to be trans-spliced to the target 
15 pre-mRNA; 

wherein said nucleic acid molecule is recognized by nuclear splicing components 
within the cell of the skin. 



18. A cell of the skin comprising a recombinant vector wherein said 
20 vector expresses a nucleic acid molecule comprising: 

a) one or more target binding domains that target binding 
of the nucleic acid molecule to a pre-mRNA expressed 
within the cell of the skin; 

b) a 5' splice site; 

25 c) a spacer region that separates the 5' splice site from the 

target binding domain; and 
d) a nucleotide sequence to be /ran^-spliced to the target 
pre-mKNA; 

wherein said nucleic acid molecule is recognized by nuclear spUcing components 
30 within the cell of the skin. 
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19. The cell of claim 16 wherein the nucleic acid molecule further 
comprises a 5' donor site. 

20. The cell of claim 16 wherein the 3' splice region further comprises 
S a pyrimidine tract. 

21. The cell of Claim 16, 17 or 18 wherein the nucleic acid molecule 
further conq)rises a safety nucleotide sequence comprising one or more 
complementary sequences that bind to one or more sides of the 3' splice region. 

10 

22. A method of producing a chimeric RNA molecule in a cell of the 
skin comprising: 

contacting a target pre-mRNA expressed in the cell of the skin with a 
nucleic acid molecule recognized by nuclear splicing components 
15 wherein said nucleic acid molecxile comprises: 

a) one or more target binding domains that target binding 
of the nucleic acid molecule to a pre-mRNA expressed 
within the cell of the skin; 

b) a 3* splice region comprising a branth point and a 3' 
20 splice acceptor site; 

c) a spacer region that separates the 3' splice region from 
the target binding domain; and 

d) a nucleotide sequence to be trans-sp]xcQd to the target 
pre-mRNA; 

25 under conditions in which a portion of the nucleic acid molecule is 

^aiw-spliced to a portion of the target pre-mRNA to form a chimeric RNA within the 
cell of the skin. 

23. A method of producing a chimeric RNA molecule in a cell of the 
30 skin comprising: 
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contacting a target pre-mRNA expressed in the cell of the skin with a 
nucleic acid molecule recognized by nuclear splicing components 
wherein said nucleic acid molecule comprises: 

a) one or more target binding domains that target binding 
5 of the nucleic acid molecule to a pre-mKNA expressed 

within the cell of the skiI^ 

b) a y splice acceptor site; 

c) a spacer region that separates the 3' splice region from 
the target binding domain; and 

10 d) a nucleotide sequence to be ^an^-spliced to the target 

pre-mRNA; under conditions in which a portion of the 
nucleic acid molecule is lran.s-spliced to a portion of the 
target pre-mRNA to form a chimeric RNA within the 
cell ofthesldn. 

15 

24. A method of producing a chimeric RNA molecule in a cell of the 
skin comprising: 

contacting a target pre-mRNA expressed within the cell with a nucleic 
acid molecule recognized by nuclear splicing components wherein said 
20 nucleic acid molecule comprises: 

a) one or more target binding domains that target binding 
of the nucleic acid molecule to a pre-mRNA expressed 
within the cell of the skin; 

b) a 5' splice site; 

25 c) a spacer region that separates the 5' spUce site from the 

target binding domain; and 

d) a nucleotide sequence to be ^an5-spliced to the target 
pre-mRNA; 

wherein said nucleic acid molecule is recognized by nuclear splicing components 
30 within the cell. 
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25. The method of claim 22 wherein the nucleic acid molecule furth^ 
comprises a S* donor site. 

26. The method of claim 22 wherein the 3* splice region further 
S comprises a pyrimidine tract. 

27. The method of claim 22, 23, or 24 wherein the nucleic acid 
molecule further comprises a safety nucleotide sequence con^rising one or more 
complementary sequences that bind to one or more sides of the 3* splice region. 

10 

28. The method of Claim 22 wherein the nucleotide sequences to be 
^an^-spliced to the target pre-mRNA encodes a polypeptide expressed within the cell 
of the skin. 

IS 29. The method of claim 28 wherein the polypeptide is a keratinocyte 

specific polypeptide. 

30. The method of claim 28 wherein the polypeptide is a melanocyte 
specific polypeptide. 

20 

3 1 . The method of Claim 28 wherein the polypeptide expressed within 
the cell of the skin is selected from the group consisting of a plectin, type Vn 
collagen, type XVn collagen, and laminin polypeptide. 

25 32. The method of claim 22 wherein said cell of the skin is a cancer 

cell. 

33. The method of claim 32 wherein said cell is a melanoma or basal 
cell carcinoma cell. 

30 
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34. The method of claim 32 wherein the nucleotide sequence to be 
trans-spliced to the target pre-mKNA encodes a polypeptide that is toxic or of 
then^eutic value to said cell. 

5 35. The method of claim 22 wherein said cell is selected from the 

group consisting of ak^tinocyte, melanocyte and demial papilla cell. 



36. A nucleic acid molecule comprising: 

10 a) one or more target binding domains that target binding 

of the nucleic acid molecule to a pre-mRNA expressed 
within a cell of the skm; 
b) a 3' splice legion comprising a branch point and a 3' 
splice acceptor site; 

IS c) a spacer region that separates the 3' splice region from 

the target binding domain;and 
d) a nucleotide sequence to be trans-spliced to the taiget 
pre-mRN^ 

wherein said nucleic acid molecule is recognized by nuclear splicing components 
20 within the cell. 

37. A nucleic acid molecule comprising: 

a) one or more target binding domains that target binding 
of the nucleic acid molecule to a pre-mRNA expressed 

25 within a cell of the skin; 

b) a 3* splice acceptor site; 

c) a spacer region that separates the 3' splice region from 
the target binding domain;and 

d) a nucleotide sequence to be trans-spliced to the target 
30 pre-mRNA; 
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wherein said nucleic acid molecule is recognized by nuclear splicing components 
within the cell. 

38. A nucleic acid molecule comprising : 

S a) one or more target binding domains that target binding 

of the nucleic acid molecule to a pre-mRNA expressed 
within a cell of the skin; 

b) a 5* splice site; 

c) a spacer region that separates the 5* splice site from the 
10 target binding domain; and 

d) a nucleotide sequence to be ^an^-spliced to the target 
pre-mRNA; 

wherein said nucleic acid molecule is recognized by nuclear splicing components 
within the cell. 

15 

39. The nucleic acid molecule of claim 36 wherein the nucleic acid 
molecule further comprises a 5' donor site. 

40. The nucleic acid molecule of claim 36 wherein the 3' spHce region 
20 further comprises a pyrimidine tract. 

41. The nucleic acid molecule of claim 36, 37 or 38 wherein the 
nucleic acid molecule further comprises a safety nucleotide sequence comprising one 
or more complementary sequences that bind to one or more sides of the 3' splice 

25 region. 

42. The nucleic acid molecule of claim 36 wherein the binding of the 
nucleic acid molecule to the target pre-mRNA is mediated by complementary, triple 
helix formation, or protein-nucleic acid interaction. 

30 
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43. The nucleic acid molecule of claim 36 wherein the nucleotide 
sequences to be trans-spliced to the target pre mRNA encodes a polypeptide expressed 
within a cell of the skin. 



5 44. The nucleic acid molecule of claim 43 wh^ein the polypeptide is a 

keratinocyte specific polypeptide. 

45. The nucleic acid molecule of claim 40 wherein the polypeptide is a 
melanocyte specific polypeptide. 

10 

46. The nucleic acid molecule of Claim 43wherein the polypeptide 
e^cpressed within the cell of the skin is selected firom the group consisting of a plectin, 
type Vn collagen, type XVn collagen, and laminin polypeptide. 

15 47. The nucleic acid molecule of claim 36 wherein fihe nucleotide 

sequence to be trans-spUced to the target pre-mKNA encodes a polypeptide that is 
toxic or of fiierq)eutic value to said cell. 



48. A eukaryotic expression vector wherein said vector expresses a 
20 nucleic acid molecule comprising: 

a) one or more target binding domains that target binding 
of the nucleic acid molecule to a pre-mRNA expressed 
within a cell of the skin; 

b) a 3* splice region comprising a branch point and a 3* 
25 splice acceptor site; 

c) a spacer region that separates the 3* splice region from 
the target binding domain; and 

d) a nucleotide sequence to be /ra/ij-spliced to the target 
pre-mRNA; wherein said nucleic acid molecule is 

30 recognized by nuclear splicing components within the 

cell of the skm. 
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49. A eukaryotic expression vector wherein said vector expresses a 
nucleic acid molecule comprising: 

a) one or more target binding domains that target binding 
5 of the nucleic acid molecule to a pre-mRNA expressed 

within a cell of the skii^ 

b) a 3' splice acceptor site; 

c) a spacer region that separates the 3' splice region from 
the target binding domain; and 

10 d) a nucleotide sequence to be /ran^-spliced to the target 

pre-mRNA; 

wherein said nucleic acid molecule is recognized by nuclear spUcing components 
within the cell. 

50. A eukaryotic expression vector wherein said vector expresses a 
nucleic acid molecule comprising: 

a) one or more target binding domains that target binding 
of the nucleic acid molecule to a pre-mRNA expressed 
within a cell of the skin; 

b) a 5' splice site; 

c) a spacer region that separates the 5' spUce site from the 
target binding domain; and 

d) a nucleotide sequence to be tranS'SpHcod to the target 
pre-mRNA; 

wherein said nucleic acid molecule is recognized by nuclear splicing components 
within the cell. 

5 1 . The vector of claim 48 wherein the nucleic acid molecule further 
comprises a S* donor site. 

30 



20 
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52. The vector of claim 48 wherein the nucleic acid molecule further 
comprises a pyrimidine tract 

53. The vector of claim 48, 49 or 50 wherein the nucleic acid molecule 
5 further comprises a safety nucleotide sequence comprising one or more 

complementary sequmces that bind to one or more sides of the 3* splice region. 

54. The vector of claim 48, 49 or 50 wherein said vector is a viral 

vector. 

10 

55. The vector of claim 44, 43 or 44 wherein expression of the nucleic 
acid molecule is controlled by a skin cell specific promoter. 

56. A composition coiqprising a physiologically acceptable carrier and 
1 5 a nucleic acid molecule according to any of claims 36-47. 

57. The composition of claim 56 wherein said composition is s^plied 

to the sldn. 

20 58. A method for correcting a genetic defect in a subject comprising 

administering to said subject a nucleic acid molecule comprising: 

a) one or more target binding domains that target binding of the 

nucleic acid molecule to a pre-mRNA expressed within 
a cell of the skin wh^ein said pre-mRNA is encoded by a 

25 gene containing a genetic defect; and 

b) a nucleotide sequence to be trans-splicQd to the target pre- 
mRNA; 

wherein said nucleic acid molecule is recognized by nuclear splicing 
components within the cell. 

30 
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59. A method for imaging gene expression in a cell of the skin 
comprising administering to said subject a nucleic acid molecule comprising: 

a) one or more target binding domains that target binding of the 

nucleic acid molecule to a pre-mRNA expressed within 
5 a cell of the skin wherein said pre-mRNA is ^coded by a 

gene containing a genetic defect; and 

b) a nucleotide sequence to be trans-sphced to the target pre- 

roRNA wherein said nucleotide sequence encodes a 
rq)orter molecule; 
10 wherein said nucleic acid molecule is recognized by nuclear splicing 

components within the cell. 
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FIGURE 3C 
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FIGURE 6A 
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FIGURE 9 
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FIGURE 10 



Target LacZ-T? (containing Intron 9) and LacZ-Tfl used for 
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FIGURE 11 



LacZ-PTM- 3 (Intron 9 specific binding domain) and LacZ-PTM-'5f 
(non specific binding domain) for establishing optimal trans- 
splicing conditions 
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FIGURE 12 
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FIGURE 13 



PLBC-PTM- (, for the repair of the I287iiis3 mutation 
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FIGURE 14A 
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FIGURE 14B 



Semi-nested RT-PCR with BPAG2 
primer 51 -IF, 53-1 R and 52-1 R 
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FIGURE 14C 

TOPO Cloning + Nla III digest 
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FIGURE 14D 

Sequencing of mutant and 
wildtype clones confirmed the 
correct frons-splicing of PTM6 
into GABEB cells 
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FIGURE 14E 

Analysis of 1 00 clones 



T0P0-BPAG2 clones 
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FIGURE 15 



Immunofluorescence of PTM6- 
transfected GABEB cells 



GABEB 

non-transfected 



GABEB 

PTAA6 transfected, 3 days 
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FIGURE 16A-B 
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FIGURE 17 

B-gal Assay of a Cotransfection 
of Col7 Target T1 and PTM 8, 9, 
10in 293TceUs 
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FIGURE 18 

5eta-gal staining of Col7 PTM 
transfected human 293T cells 




left panel: (a) Target + PTAA8, (c) Target + PTM9, (e) Target* PTM10; 
right panel: corresponding control PTM without Target 



INTERNATIONAL SEARCH REPORT 



Internationa] application No. 
PCT/US0d/88«69 



A CLASSIFICATION OF SUBJECT MATTER 

IPq?) AOlN ♦7/40: C12N 6/08. 5/10, 16/63; C07H 21/08, «l/04; ClfiP 10/34 
US CL : 435/91.5, 91.31, 320.1, 371, 465; 514/44; 536/23.1, 94.5 
According to International Pate nt Qaasifioatioa (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification syitem followed by classiRcatioo symbols) 

U.S. : 435/91.3, 91.31, 3S0.1. 371. 455; 514/44; 536/23. 1, 24.5 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields 
searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
West, Dialog 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim Na 



us 6,280,978 Bl (MITCHELL et al) 28 August 2001m figures 8, 
10, 16, 17, col. 1, 2, 12, 16, 19, 21, 23, 29, 30, claims 1-32. 

US 6,013,487 (MITCHELL et al) 11 January 2000, col. 1, 5, 6, 
example S, col. 14-15, claims 1-34). 

US 5,872,241 (PYLE et al) 16 February 1999, ool. 2-3, col. 10, line 
62-ooI. 11, line 5. 

PUTTARAJU, M. et al. Spliceosome-mediated RNA trans-splicing 
as a tool for gene thert^y. Mature Biotech. Vol. 17, pates 246-252, 
1999. see entire documrat, esp. figure 1, Table 1, and figure 2, on 
pages 247-248. 



1-59 
1-59 
1-59 
1-59 



I I Further documents are listed in the continuation of Box C. | [ See patent family annex. 



dasninaot Aifining On gpwnnl ffaito «f fb» ut vUdh U not QmMmi 
to bo of yaticiUf nlanaoe 



Utox dooamujt pobliahad aftei ih« iatemalional filing iaia m pzioritf 
ud not in oonQiot with the appUoiiioB tut oited to oadbxiiisnd 
tho piAioipb or tbeozj ondedylng tlw inwnttoi 



pablialiad oo or tfle* the tntatnatioDtl fitiag dais 

doeniBent vUoh maj Qaaw donbts on priority cUiiii(i) ot vUoh 1j 
olted io whbliflh fho pablioaitiga date of uoQibt citiikbii az oCh«t 
apecial ibuoq (as apeoifie^ 

doonmeat tefbxdng to an oral dlBekanze, ma, exMbltion 07 othax 
I pobUalied pdox to thA intematiDaal llUng data but Utaz 



•XT 



the dainud Sonntifla caaniit ba 
to intolm an iine&ttTft at^ 



dooDioent of paxtionliY mlsniiea; 
eouUand aovd or oaimof be 
wlua On dooaoMSt U i»3ua aloiw 

donmuDt of putioiilix tdevaiiM; tbo olaimed inventian canoat bo 
eanaidexod to Inncdto aa InTentlTB step vbon tbe doounont is oonibiiiad 
with eat or noie othat fucJi dooiuceatB, aiisb eombiBatioo babig 
obvioDs to a poiBflo BldUnd in tbe azi 

doonment nenibsr of Qie aama patent fsmilj 



Date of the actual completion of the international search 
17 OCTOBER «00S 


Date of mailingr of the international search report 

31 OCT 2003 


Name and mailing address of the ISA/US 
Conunissioner of Patents and Trulenurks 
Box PCT 

Wsihington, aC 80S9I 
Facsimile No. (705) 305-SS50 


Authouzed officer 

Telephone No. (703) 808-01&e / 



Form PCT/ISA/fllO (second sheet) (July 1998)* 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. 

Defects in the images include but are not limited to the items checked: 
^^Tblack borders 




□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

P^LOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS . 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




